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PEEFACE. 



Tbib book may be compared to an ezcnrsion train. Eyeryihuig 
ttechanical has called, or striyen for a place in it, if only to cling to 
the platform of briefest mention. Yet not a tithe even of the beaU' 
Hea of mechanism have been admitted, for want of room. Indeed^ 
one of the most arduous labors connected with the composition of 
this work has been to keep out the nearly irrepressible crowd of 
topics and examples that were pressing into it. Those that have 
been admitted have been selected with great care, alter personal ixfc- 
spection in machine shops, and from valuable circulars, correspon* 
dence, and published auiJiorities. 

Other examples have been partially represented by woodcuts and 
brief notices, or have necessarily been excluded, and remanded bade 
to the great world of mechanism. 

In either case the governing idea has been, to develope the compre- 
hensive scheme of the General Table proportionately, though briefly, 
with examples that should be American (mostly), new, and good. 

There are at least six topics in this work, about which the trouble- 
some problem has been to touch them at all, unless superficially, 
without devoting a volume to each. These are, Tu/rbmeSy Qeaaring^ 
PtopeUerSy Valve motiona / GovemorSj with or without Variable Cut- 
oAb ; and Trairu of gearing, as clock trains. 

Of twrbiTheay I have only taken one of each of the three essentially 
different kinds, with a simple description of its construction and 
action. 

On ffearing^ I have been i-easonably full, giving the substance of 
what need be known in behalf of proper practice, and with simple 
explanations. 

As to propdUrSy their theory is so intricate, owing to the variety 
and indefiniteness of the data for calculations concerning them ; and 
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nnmberless experimental results are so full and accessible in Bouma 
and in similar works, that I have mostly interested myself in giving 
exact instruction, nowhere else accessible so far as I know, about 
making their projections ; so as indirectly to correct grievous errors, 
and supply deficiencies, which have been found in print on this 
subject. 

With the ample geometrical treatment of vcdve motions by Mr. 
Auchincloss,* and the masterly analt/tical work of Prof. Zeuner, tc 
fupplement the little that I have found room for on the same topic, 
[ have had a narrowly limited and definite object in view in what T 
bave had to say on that subject. The treatment of valve motions in 
the encyclopaedias and the extended serial works, like Colbum's 
Locomotive Engineering, is generally unavailable. The works of 
Auchincloss and Zeuner, presuppose, expressly or impliedly, a good 
deal of familiarity with the subject. But many persons are wholly 
unfamiliar with it, and, imless apt to conceive readily of combined 
motions, find it a puzzling subject. My work has therefore been 
little more than to begin at the very beginning, and virtually to pre- 
pare for the beginner an introduction to those works. More, indeed, 
could not be attempted in a volume in which so many other topics 
have been introduced. 

GovemorSf a plaything of American ingenuity, have been sum- 
marily, but with the most instructive variety attainable within small 
limits, passed over with the selection of the most marked varieties 
of governor and valve. 

Trams of gearing, though very briefly noticed, have, it is hoped, 
oeen so treated as to afford some clear and accurate ideas on that 
subject, as a foundation for further study. 

The classified table of machines has been prepared with great care, 
and compared with that in the Encyclopaedia Britannica by Prof. 
Bankine, which is quite different, without material alteration in the 
result. I have endeavored, in the paragraphs immediately preceding 
the table, so to distinguish machines from instruments, as to ration- 
ally exclude engineeiing, astronomical and musical instruments frt>m 
(he province of machines, in which he includes them ; contrary to 
those common usages of speech, which I believe will be found upoo 
uialysis to be grounded on real differences. 

« Oiaduate of the B. P. 1. 186S. 
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SiUl, the number and uses of machines are so endless, that I oanp 
not profess to have fonnd a strictly scientific, and therefore ezhanstiye 
classification of them. 

A word now as to the intended nae of this book in the class-room 
may be considered seasonable. Previous to its appearance, the sub- 
ject of ii was taught orally, and with no small labor, to classes, 
which, in their turn, could progress neither so rapidly nor pleasantly 
as if provided with a text-book. The present volume is naturally 
much fuller than an oral course could well be, and is intended as a 
text-book upon which daily interrogations and black-board exercises 
are to be held, as well as a manual, to be constantly open before the 
student for a guide in the preparation of his drawiogs. 

With the plates of uniform size for each student^ so that they can 
be agreeably bound together, but with a choice as to that size, from 
quarter super-royal to semi-super-royal, until the best size can be ex- 
perimentally determined, it may be well, wherever practicable, to 
require that one of them should be constructed frt>m actual measure^ 
ments, made by the student, and accompanied by a plate containing 
an inked copy of the sketches and measurements. 

Some of the plates should have the measurements recorded sub- 
stantially in the style of office practice, and they should generally be 
titled, in addition to the general title-page of the collection. Or there 
should be a separate plate containing the several tLtles. 

The ''heavy lines," accidentally omitted or displaced in a few places, 
may be supplied or corrected by the student. 

Finally, the following lists will show to what helping friends I am 
indebted, and what sources of information I have diligently consulted. 
Also the signatures of student draftsmen, of the classes of '70 and '71, 
R P. L, on many of the plates will always happily remind me how 
kindly my labors in that direction were lightened* 

Tbot: Norember, 18^0. 
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BSTABLISHMKimEl TIBITKD OR DRAWN UFON FOR VATERIAL8 USED 19 

THIS WORK. 

American Saw Oo Trenton, N. J. 

Andrews Bros. New York. 

Atlantic Works Boston. 

Babcock and Wilcox Eng. Works New York. 

Bemen^ and Dougherty Philadelphia. 

Bessemer Steel Works Troy, N. Y. 

Boston and Albany R. K. Shops Boston. 

Boston, Hartford and Erie R. R ** 

Bond's Chronometer Rooms ^ 

Brooklyn Water Works Brooklyn, 

Brown's Machine Works '. Troy, N. Y. 

BuUard and Parsons Hartford, Conn. 

Cambridge Machine Works Cambridge, N. Y. 

Chubbuck & Sons Boston. 

Collins' Turbine Works Norwich, Conn. 

Delamater Iron Works New York. 

Gurley W. & L. E Troy, N. Y. 

Harmony Mill Cohoes, N. Y, 

Hopedale Mach. and Furnace Co ... • Hopedale, Mass. 

Hinckley & Williams' Loc. Works Boston.. 

Horton E. Machine Works Hartford, Conn. 

Hotchkiss, Power Hammers. New York. 

Huntoon Governor Co Boston. 

Jones and Laughlin Pittsburgh, Pa. 

Judson Governor Works Rochester, N. Y. 

Ix>well Machine Shop Lowell, Mass. 

Ludlow Valve Co Troy, N. Y. 

Lyall Positive Motion Loom Co New York. 

Mason V. W. Friction Clutches, etc Providence, R L 

McMurtrie & Co., Machine Agency Boston. 

Milwaukee <k St. Paul R. R, £. M. Hall, Supt. 

Power Milwaukee, Wis, 

Morgan Lron Works New York. 
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New York Central R. IL Shops Albany, N. Y. 

Novelty Iron Works New York 

Pennsylvania R. R. Car Shops Altoona, Pa, 

Putnam Machine Works Fitohburg, Mass. 

Rensselaer Iron Works Troy, N. Y. 

Rngg]es' Machine Works Poultney, Vt 

Sault M. <fe T. Co New Haven, Conn. 

Sellers, Wm. & Co Philadelphia. 

Shaw & Justice, Hammers ^ 

Starbuck Bros., Engineers '^^Jy N. Y. 

Steere, E. N., Cotton Machinery. . . . : Plrovidenoe, R. I. 

Swain Turbine Co Chelmsford, Mas& 

Tremain, Balance Valves Chicago, HI. 

Troy k Boston R. R. Machine Shop Troy, N. Y. 

XJ. S. Navy Dep't Washington, D. C. 

Washington Iron Works Newburgh, N. Y, 

Wheeler, N. W., Eng. Office New York. 



PERIODICALS AITD WOBX8 OF BXPEBKNCS GONSULTm, 

American Artisan. 

Auchindoss, link and Yalve Motions. 

Belanger, Cinematique. 

Borgnis, Composition of Machines, 1818. 

Bourne on the Screw Propeller. 

^ Catechism of the Steam Engine. 
Brown, H. T., 507 Mech'l Movements. 
Bum, R. S., Meoh. and Mechanism. 
Colbum, Locomoiive Engineering. 
Engineer, The. 
Engineering. 

Engineer and Mach. Drawing Book. 
Fairbairn, Mach. of Transmission. 
Francis, Hydraulic Experiments. 
Hughes on Water Works, Weale's Series 
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XVlll NOTE TO THE EDITION OP 1894. 

rmperial Cyclopaedia of Machinery. 

Jour, of Franklin Inst, 1860, 1864, 1867-70. 

Joynson, Gearing. 

King, W. H., Notes on Steam. 

Leroy, G^om6trie Descriptive, Applications. 

Long & Buel, Cadet Engineer. 

Olivier, G6om6trie Descriptive, Applicationa, 

R. P. I. Collections of Mechanical Lithograpb& 

Boebling, Wire Hope Transmission. 

Scientific American. 

Sellers on a System of Screw Threads. 

Weisbach, Mechanics. 

Weissenbom, Amer. Eng'g illustrattd. 

Willis' Principles of Mechanism. 

Sicuner, on Yalve Gears. 



Note to the Edition of 1894. 

While machines, new or improved, have continually been made, their 
elementary components, the formation and delineation of which must first 
be studied, have remained essentially unchanged. Hence, while some of 
the plates might be replaced by newer and different ones, the latter might 
be no better for the purposes of the student. Reviewing this work with 
these ideas in mind, twenty-four years of wide use, including years of 
satisfactory use by the author with his classes, now suggests only the 
following — 

Note to the Stvdent and Draftsman. — A few figures are given as sketches, 
not to scale, as PI. I., Figs. 2-4, or without measurements, as in PI. Ill.» 
Figs. 4-8 ; but others of like class are more fully represented, which may 
better be drawn first. If the former are attempted, they should be drawn 
on a large scale, and if there, or anywhere, a few accidental discrepancies or 
deficiencies of measurements be found, adjust those of the smaller details 
to agree with the main totals, which can be done without injury to the 
example as an exercise in drawing, or to its essentially " real'* character. 
Again, where the student has sufficient other practice in finished line 
drawing in India ink, much time can be gained for further practice by 
making many of his drawings with hard pencils only, on a large scale and 
on firm manilla drafting paper. 

With these suggestions, this volume is still offered as an aid to engi- 
neering schools; and, with the author's "Drafting Instruments'* and 
'* Projection Drawing," to self-instructing draftsmen and artisans and to 
manual-training schools. 

Newton, Massachusetts, 1894. 
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ELEMENTS 

or 

MACHINE CONSTRUCTION AND DRAWING. 



BOOK FIRST. 

SIMPLE OB SmOLB ELEMENTS OF MA.OimTES 

PART L 
INTRODUCTION. 

OENBRAL FBI270IFLBS. 

1. Bodies, in addressing the eye, exhibit not only the attri- 
butes of color, transparency, or opacity ; polish, or ronghness ; 
bnt the two Jhundamental ffeometrical attributes of Farm and 
Si2e. 

2. FoHM is a determinate arrangement of an assemblage of 
points, according to some law. It depends upon the relative 
lengths and directions of the bounding lines of a body. 

5. SizB is the amount of space occupied by a body, and is 
due to the extent of its bounding lines, as compared with a unit 
of measure. 

4. Drawings may represent objects, in respect to their size^ 
as larger, or smaller than they really are ; or, in their real size. 

6. Drawings which represent the a/ppa/rervt forms of bodies 
as presented to the eye, are called perspective d/ra/mngs^ or pic- 
twres; and are intended chiefly for ornament, or for popular 
illustration. 

6. Drawings which represent the real forms of objects, as de- 
termined by the sense of touchy in taking measurements, are 
called projections. Since such drawings show the real propor- 
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tions of objects, they constitute a graphic language, by which 
the thoughts of a designer can be most clearly conveyed to a 
workman, who can thence construct the objects represented. 
Hence projections are often called worJdrig d/rawvngs. 

7. While working drawings represent the real forma of ob- 
jects ; they represent them, in a majority of cases, in less than 
their T€(il size. But to preserve the true proportions in the 
drawing, all the parts of the object must be similarly reduced 
in the drawings. This is what is called d/ra/wing ly scale. That 
is, each distance, as a foot, on the object, is represented by some 
less distance, as an inch, or a quarter inch, etc., on the drawing. 

Scales. 

8. The only scales necessary to be understood by students of 
the present work, are the Imea/r scale^ and the diagonal scale of 
egiuUjpartSy which we will now explain. 

J2 I 2 i 4 t 

Fig. 1 represents a plain linear scale of three feet to iJie tnch, 
sach of its units as from to 1 being one-third of an inch. 
Die equal space from to 12, is divided into twelve equal parts, 
/epresenting inches. Thus, from 4 to the fifth mark to the left 
of 0, represents four feet and five inches, and is therefore called 
four feet and five inches. For brevity this is written 4':5". 

9. Other linear scales of equal parts, being similarly con- 
structed, can readily be understood from this example. The 
ivory scales used by draftsmen, contain a variety of such single 
scales, with the left hand unit divided both into tenths and 
twelfths. It also contains others, expressed in inches to the foot, 
as one inch to one foot, three-fourths of an inch to a foot, etc* 
and numbered accordingly In = inch; f ; f ; i; etc 



W\ Mil l 



10. Fig. 2 represents a simple diagonal scale of units, 5ths ; 
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and 4ths of the 5thfl. The space — 6', which is equal to — 1, 
etc., is then divided into five equal parts ; and so is oo. The 
five equidistant horizontal lines afford four equal spaces. Wo 
then reason thus : If in coming down four spaces on Oij to by 
we depart from the vertical Oa by the space ab, which is one- 
fifth of the unit 01, in coming down one space, we should de- 
part one-fourth of aJ, which equals one-twentieth of 01. We 
thus have the rule for reading the scale : proceed to the left of 
as many spaces as there are 5ths required, and then down on 
the diagonal thus reached as many spaces as there are 4ths of 
5ths required. Thus the distance between the stars is 3 units, 
S-fifths and 2-f ourths of a fifth, or 

AH other diagonal scales, including the more familiar deci- 
mal diagonal scale, are made and used in a similar way ; so that 
if any one of them be rationally and fully comprehended, all 
others may easily be understood. 

If , as is sometimes done, the diagonals were drawn in the di- 
rection ady the numbers 0, 1, 2, etc., would be on the lower 
linear. 

11. In regard to the manual operations of machine drawing, 
the proper standard of precision should be carefully observed. 
That is, the student should always imagine himself in a drafting 
o£Sce, working as if his compensation, or position, depended 
upon the accuracy of his work. And the latter should be the 
same as if his plates were to form working drawings for the 
actual construction of finished machinery. To this end, all 
jxmUs should be aocfwratdy located^ and findy marked ; and 
all lines should be finely dra/wn with none but the hardest j>enr 
eUsy and eooactly ib/rough ^% proper pdnU. 

In much of machine drawing, the distances to be laid off are 
numerous, and quite small, hence the fine spacing dividers, pens, 
and jtencils, are of especial use, as well as the most accurate 
Bcales. 

12. The imstrvmenta odUed soaleSj are simply pieces of metal, 
ivory, wood, or paper containing a variety of linear and other 
scales. 

The leading forms oi scales are edge scales and surface 
scales. An edge scale is a scale whose graduations are on 
the edge of the substance containing it. This form of scale is 
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most oonvenient, because a distance can be transferred from it 
to the paper, dA/recdy^ by laying the scale on the paper and 
pricking off, with a needle-point, the extremities of the given 
distance. The hest form of edge scale is the tricmgular scale, 
which contains six linear edge scales. The other form, or fat- 
edge scaley having its edges chamfered on one side to ensure 
greater accuracy in its use, can conveniently carry but two 
edge scales, except as two or more, each of which is just double 
the other, may lie against the same edge. 

13. Sv/rface scales are flat pieces of some hard material, 
usually ivory, containing a set of various linear scales, side 
by side, and, all together, covering the surface of the instrument 
lliese give more scales on a single instrument than edge 
scales; but to transfer a distance from them to paper, we 
must proceed imdi/rectly by taking up this distance in a pair 
of dividers, and then laying it down on the paper. 



Elements of Projections. 

14. The following brief rehearsal of the elements of pro- 
jections may assist many, or all who make use of this volume. 

A solid has three dimensions, at right angles to each other. 

Therefore if a horizontal 
plane, as EQ, Fig. 8, be 
placed parallel to two of 
the dimensions, as AB and 
BC, of a solid, and if the 
latter be then viewed in a 
direction, Aa^ perpendicu- 
lar to the plane BQ, those 
dimensions can be seen, cor- 
rectly represented, in length 
and direction, upon that 
plane, as at a& and be. 

The figure abed is thus 
equal to the visible top oi 

the given body, and is callel its horizontal projection; or, in 

the language of practice, its jpUm. 

15. In like manner, if a vertical plane, RS, be taken 
parallel to the dimensions, AE and AG, and if it be viewed 




Fio^a. 
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perpendicularly, as in the direction Dd'j these dimensions can 
be correctly shown on that plane. The figure d'c'e'f^ equal to 
DCEF, is called the vertiodL projection^ or the elevation of the 
given body. 

Thus we see that the two projections of a body, taken 
together, show its three dimensions, when the latter are parallel 
to the planes BQ and BS, which are called the pUmea of 
projection, 

16. Observe now that d'g^ the height of the vertical pro- 
jection of D above the ground line, is equal to D^, the height of 
D, itself, above the horizontal plane. In like manner, on, the 
distance of the horizontal projection of C from the ground 
line, is equal to the perpendiculiur distance of C, itself, from the 
vertical plane. 

That is: The pefrpend/ioula/r distance of a point in space 
from either plane of projection^ is equal to the distance from 
the grovmd line to its projection on the other plane. 

17. Analyzing the figure a littie, we see that when a line, as 
AB, is parallel to a plane of projection, its projection ah^ or 
dd\ upon such plane, is equal 9sApa/raIlel to itself. Also if a 
line, as DF, perpendicular to the horizontal plane, or DA, 
perpendicular to the vertical plane, is perpendicular to a plane, 
its projection on tha;t plane, ssdord' respectively, is a point ; 
and on the other plane, as at df^ and da^ respectively, is 
perpendicular to the ground line, and parallel to the line 
in space. With this suggestion, the reader can make out the 
projections of lines in other positions, as the diagonals, AC, DE, 
AF and AE, not shown. 

18. Summary of definitions. 

A plane of projection is one on which an object is 
represented. 

A projecting Une is a line from any point of an object, 
perpendicular to a plane of projection; and it represents the 
direction in which the object is looked at. 

The projection of any pointy is the intersection of the 
projecting line of that point with a plane of projection. 

The projection of amy object is the figure formed by joining 
the projections of the boimding points of that object 

The intersection, Bn, of the two planes, is called the ground 
line. So simple an apparatus as a folding slate or sheet of stiff 
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paper, with the loaves placed horizontally and vertically, and a 
few straws, will serve to illustrate the principles here stated. 

19. The planes of projection, which are at right angles to 
each other in space, coincide upon paper. This is accomplished 
by supposing the vertical plane, ES, Fig. 3, to i-evolve backward 

about the ground line, until it co- 
incides with the horizontal plane 
produced backwards. 

Supposing now the planes to 
be of indefinite extent. Fig. 3 
would be thus transformed into 
Fig. 4, which shows the pro- 
jections (ibod and d!o*e!f\ as 
they really are, instead of pictori- 
ally, as in Fig. 3. GL, the ground 
line, represents Rti in Fig. 3. 

The two projections^ as d and 
d\ of the same pointy are thus 
"* ^ * in ths same perpenMcula/r to 

ike ground line. This should be carefully remembered. 





d 
f 




e' 












c 


f 




n . 


^Jl 




a 




h 
c 











20. A point is rumied ly rummig its projections. Thus 
Qie point dd\ Fig. 4, means the point itself, D, Fig. 3, whose 
^ projections are d and d\ The 

like is true of lines. Thus the 
line do — d'c\ Fig. 4, means the 
line DC, Fig. 3, whose projec- 
tions are do and d'o'. 

21. Resuming, now, the con- 
clusion of (15) if the dimensions 
of a body are not parallel to the 
planes of projection, they may be 
made so either by tv/rrmig the 
hodyy or by taking a new plane 
of projection. In turning a body, 
it is sufficient to study the motion 
of one of its points. 

This understood, the follow- 
ing principles pertain to the revo- 
lutions of points. 
-U a point as mm', Fig. 5, revolve about a vertical axis. 
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as A — ^ATB' (see DF, Fig. 3), it will describe a horizon^ arc, 
as mm'' — m'm!'\ whose horizontal projection, mmh'\ will be 
an «5*waZ arc, with centre at A, and whose vertical projection, 
m'm'^'j will be a straigM Une j^a/raUd to ihs grouni line. 

b — Similarly, if a point mm'^ Fig. 6, revolve about an axis, 
AB — ^A', which \& perpendAcfula/r to ths vertical plane (See DA, 
Fig. 8), it will describe an arc jHxraUel to the vertical plans; 



/bT 



• 



i\ 



^A 



V 



fm' 



JZL. 




Via. A. 



Fia7. 



xm' 



whose vertical projection, m'o'm"\ will be an egual a^c^ with 
centre at A^, and its horizontal projection, mom'\ a straigJit Une^ 
jparaRel to the ground Une. 

— ^If a point m/m'^ Fig. 
7, which is vertically over a 
horizontal axis, A B, revolves 
90°, it will appear, as at m", 
on a perpendicular, TTMn", to 

AB, and equal to its height <c 

m'n above the axis. (16.) 
For the arc of its revolution 
is in a vertical plane, perpen- 
dicular to AB, and its hori- 
zontal projection is therefore 
straight, and perpendicular 
to AB. 

Here the axis is m the 
horizontal plane. If it had 
been merelj jparallel to that 
plane, m'n would have been estimated from its vertical projeo* 
tion, which would have been parallel to the ground line. 




'koT 
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like results would be true for a revolation about an axis in, (n 
parallel to the vertical plane. The student should constmct 
figures to represent thqse cases. 

d — ^If a point mm' not vertically over an axis, AB, in the 
horizontal plane, be revolved about that axis, into that plane, 
Fig. 8, it will appear at a perpendicular distance, km'\ from 
that axis, equal to its true perpendicular distance, in space, from 
AB. This distance, as may be made evident by the simplest 
model, will be the hypothenuse of a right-angled triangle, whose 

base equals mXsy and whose 
altitude equals m\ which 
last is the true height of the 
point itself above its hori- 
zontal projection, m (16.) 

e — Similarly, in Fig. 9, 
the axis, CD— CD', is ^ 
raUel to the vertical plane, 
at a perpendicular distance 
from it, equal to hk, and the 
point mm' is revolved about 
it, into a vertical plane con- 
taining CD— C'D'. Af. 
ter such revolution, mm' will appear at m"m"\ where m'"n\ 
perpendicular to CD', is equal to the hypothenuse of a right- 
angled triangle, whose base is mV, and altitude, wA, the per- 
pendicular distance of the 
horizontal projection of 
the point from that of the 
axis, or from the vertical 
plane through the axis. 

22. These, being exam- 
ples of the main principles 
and operations relating to 
the revohition of points, 
the following relates to the 
selection ofnewplcmes of 
projection, 

a — ^When it is desired to 
represent an object on a 
plane which is oblique to its dimensions, it is obviously necessai7 



! 
I 
xjit 
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to begin with a projection made on a plane whicli is parallel 
to two of its dimensions. Thus, in Fig. 10, lihe plane ML is 
vertical, and parallel to two dimensions of the rectangular 
block, aSr-a"d". 

5— The principle is also to be observed, in these operations, that 
any number of different elevations of the same point are at 
equal heights above the common horizontal plane. Thus a'h is 
made equal to a''c, and on a perpendicular to the ground line 
through a (19), in order to find a', the projection of a, on that 
vertical plane whose ground line is GL. 

— To avoid the use of vertical planes which are oblique to 
each other, as they are in Fig. 10, conceive the body, as ad — a^'dl\ 
to be turned horizontally about any vertical axis, till it is 
brought parallel to the one vertical plane used, and begin with 
its projections in that position. Thus, in Fig. 11, after making 
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first the elevation, a'& V, and second the plan, abo ; third, make 
the new plan, ABC, of the sameybrm as.o&o, but turned to re- 
present tlie desired position of the body relative to the vertical 
plane of projection. As the position of the body, relative to 
the horizontal plane, has not changed, all its points will be at 
the same height as before. Therefore any point, as A^, of the 
desired elevation, is at the intersection of the projecting lino 
AA', perpendicular to the ground line, GL, with the line a'A', 
whidi is parallel to the groimd line. 
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Constructums of the JEUipse. 

23. It not unfrequentlj happens, that some of the wheels ox 
eircolar parts of a machine are situated in planes which are 
obliqne to each other. 

All such parts, when oblique to the plane of projection, will 
be projected in ellipses. For the further preliminary informa- 
tion of self -instructors, especially, some convenient constructions 
of the ellipse are therefore added. 

24. An eUipaSj Fig. 12, is a plane curve, such that the sum 

of the distances, as 
_c PF+PF', from any 

point of the circum- 
ference, to the fixed 
points F, F',within the 
curve, is always equal 
to AB; the longest 
line within the curve, 
and which is called 
the transverse aais. 
F and F' are called 
fooL 

The middle point, 
E, of the transverse 
axis, is the ce/ntre of the curve, and bisects every line dravm 
through it and limited by the curve. Every such line is a 
diameter of the curve. The shortest diameter, CD, is perpen- 
dicular to AB, and is called the conjtLgoite oasis. 

25. The above definition affords a familiar mechanical con- 
struction of the ellipse by string and pencil, the string being 
equal in length to AlB, and fastened at F and F^ Also a con- 
struction by points, with dividers, by drawing pairs of arcs 
from F and F^ as centres, and whose radii, taken together, shall 
equal AlB, the lesser one being always greater than AF. Such 
arcs will intersect, so as to give four points of the ellipse, for 
each pair of lines taken as radii. This construction is not 
figured, either of the two following being better for the drafts- 
man's use. 

26. To construct an ellipse ly radials from the extremities 
of the axes. 




.UL 
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Let AO and CO, Fig.l3, be the given semi-axes of an ellipse. 
Make AE = OC, and parallel to it. Divide AO and AE 
into the same number of 
equal parts, and number 
tliem as in the figure. 
Then lines from C and D, 
and through correspond- 
ing points of division, 
will intersect at points, 
as a, b, and o of a true 
ellipse. The other three 
quarters of the ellipse 
can be similarly con- 
structed. 

It would have been 
equally correct to have 
equally divided CE and CO, and to have drawn the radial 
lines through the points of division and from the opposite eudfl 
of the transverse axis. 




Fio. la. 



/ k 




r 


^jL^y^ 






I/a /n 




o 






JD 



Pio. 14. 



If AE were made equal to AO, ihc same construction would 
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have given the circle of which the ellipse AO is really the ob- 
lique projectioiL 

27. To oonstmct im eUtpsSy hy concentrio eirdes on Ub tioo 

€US€8. 

Let AB and GD, Fig. 14, be the given axes. Deecribe circles 
on them as diameters, as shown, Divide the circmnf erences of 
these circles into any convenient number of equal parts, and 
number them similarly, as shown. Then, parallels to AB, 
through the points on Uie inner circle, will intersect perpendi* 
culars to AB, through the corresponding points of the outer 
circle, at points, as a and &, of a true ellipse, whose axes are AB 
and CD. 

Special D^fin/Uions. 

28. A MAonmE is an assemblage of pieces, attached to a com- 
mon support, and acting upon each other to produce a certain re- 
sult ; and so that a gwen jposition of one wiU determme that 
of aUthe rest. 

29. It is here convenient to distinguish the terms: ^^ Engine," 
« Machine,'' "Tool," and "Instrument." 

An engine, and a machine, are not essentially, or necessarily, 
different things ; but different names for things essentially alike, 
and expressive of different ways in which the latter may be re- 
garded. 

Thus, from the etymology of the terms, engine — ^an 
invention — ^is a product of intelligence; and machine 
— a means — ^is something adapted, as a cause, to a certain 
end. Hence, therefore, when a given combination of working 
parts is generally thought of, more as a product of intelligence 
than otherwise, it is ciJled an engine^ as a steam engine, or a di- 
viding engine. But when the same is thought of chiefly in re- 
gard to the end for which it is made, it is called a machine^ as 
a spinning machine. Thus any piece of mechanism may be 
called indifferently an engine or a machine, and many a/re thus 
indifferently termed, as locomotives and steam fire engines. 

30. Inetrmnente are distinguished from machines in being 
more intimately and continuously controlled by life in all theit 
movements. Thus an organ acts only when, and just as, it is 
played on ; and the like is true of engineering instruments, and 
to a great extent, of mounted telescopes, since so many of their 
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parts are separately adjustable by the operator. A distmguishing 
feature of instrumerUs^ then, is that their parts are separately 
movable. 

81. Again : tools are mainly the servants of manual skill, or 
training in processes ; instruments are servants of a higher or- 
der of intelligence, such as results from a training in principles. 
Thus we say " the tools of a i/rade^^ and " the mstrumen;ts of 
K profession; " a carpenter^s tools^ but an engineer's or a sur- 
geon's vnstrumerUs. 

In reference to their material uses, tools are used in making 
the machines by which in turn consumable products, used in 
common life, are fabricated. Thus machine shop machines, are 
often called ^^ machine tools,^ or ^^ machinist s tools^^ while 
those used by hand are called fumd tools or bench tools. In 
these the tram of pieces forming a machine, is wanting; while 
in machine tools, it is the final piece acting immediately on the 
work, and driven by a machine, i*ather than directly by hand, 
that is strictly called the tool. 



Classification of Machines. 

32. The world of machinery is too vast and varied to yield 
readily to attempts to classify its members. Moreover, the com- 
ponents of mechanism need to be differently classified for mathe- 
matical and for descriptive treatment 

The following articles present an outline of classification 
suited to the subject of Descriptive Mechanism. 

33. The immediate source of the power which moves any one 
or more machines, is some form of prime mover in which some 
force of Nature, as muscular power ; the weight or impact of 
water; the elasticity of springs, or of expansive vapor; or 
electrical attraction, is made available for producing motion. 

The first grand division of machines, is, therefore, into Mo- 
torSy or Motive Machines, in which a force of Nature is made an 
available power ; and Workers or Operative Machines^ which 
perform some special duty, as with or upon raw material, by 
virtue of their design. 

84. Again : some machines give only numerical or abstract 
or rutangible results ; signs or data, rather than substantial pro- 
Incts ; while others do produce such products. 
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Hence Operative Machines may be grouped into the two 
divisions of Regiatrativej and Prodv^tive Machines. 

Here it is important to explain that a productive machine 
does not necessarily produce a finished result, but if, in connec- 
tion with others, as in case of the cotton gin, or a dredging ma- 
chine, it contributes towards such a result, it is entitled to its 
name. 

35. Registeattve MAcmNES may be enumerated as follows : 
1°. — Gourvting MoiMnea ; such as those sometimes attached 

to steam engines,* or turbines, to indicate iheir revolutions ; or 
to Burden's horseshoe machine, or Hoe's power presses, to re- 
gister their production. 

2°. — Measuring Mackinea ; of time, space, motion, mag- 
nitude, and force, as timekeepers; "Atwood's machine" 
for determining the laws of falling bodies ; water and gas me- 
ters ; dynamometers and pressure gauges ; weighing machines, 
etc. 

3^ — Oopymg <md Drawing Mcichines ; such as pantographs, 
elliptographs, Olivier's instruments for drawing certain curves,t 
and ruling machines. 

4°. Calculating Machines, 

5°. — Recording Mackmea ; as telegraphic machines and steam 
engine indicators. 

36. Productive MAomNEs. These modify matter only in 
respect to its jpoaitiony its form^ and its dimensions / that is, 
geometrically k£l6, physicaUy / and not in its atomic constitution, 
or chemically. "We have then — 

I. — Machines for changing the PosmoN of matter. 

1®. — By simple removal ly stationa/ry machineSj as by cap- 
stans, windlasses, cranes, hoisting machines, derricks, and suc- 
tion pumps of all kinds. 

2°. — ^By coTweya/nce^ whatever the direction or distance, as in 
" rolling stock " generally ; and the moving mechanism of " at- 
mospheric despatch " apparatus, common road engines, etc. 

3°. — ^y projection^ as in ancient, or mechanical, and modem, 

or explosive artillery ; also in all kinds of forcing pumps, the 

hydraulic ram, etc. 

• " Bngineeringf," vol !▼.,?• 871. 

f OUTier^s Des. €l«om. and AppUoations. 
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4**. — Ej separatioiij as in reaping, ploughing, digging, dredg- 
ing, and stumping machineB ; in fruit paring, fulling, washing, 
and churning machines ; in machines for expressing or dispers- 
ing fluids from fruits or mixtures, and in ginning, threshing, 
and smut machines. 

5°. — ^By distribtUiony let, of determinate bodies^ as in pin- 
sticking, wire-card making, typeHsettmg, pile-driving, and seed- 
planting machines. 

2dy of matter indefinitely, as in elevators and blowing en- 
gines. 

Sdy of JSms or materM impressions jSA in printing machines 
of all kinds, upon all sorts of materials. 

6°. — ^By imitmffj Ist, by iAfkierla^ng^-jhrsty oifhres^ as in felt- 
ing, paper-making, carding, roving, and spinning machines ; 
seoondj of threads^ as in weaving and knitting machines. 

2(2. By union of pa/rtioleSy as in mixing machines. 

3^. By vmMn of pieces^ as in sewing, pegging, and rivetting 
machines. 

11. — ^Machines for changing or perfecting the form of matter : 

\sU — By defmite dmision, i. e.j into definite parts, as in saw- 
ing, cutting, bearing, and punching machines. 

2d. — By sv/rface abstraction of portions of indefinite form, as 
in planing, turning, shaping, milling, boring, polishing, mor- 
tising, drilling, slotting, paring, carving, and screw-cutting 
machines. 

8^. — ^By movJdvng presswre^ and often, or always, without loss 
of material; as in rolling, forging, squeezing, wire-drawing, 
coining, brick-making, moulding, bending, folding, and swaging 
machines. 

m. — ^Machines for changing the ddiensions of matter: 
l«f . — By condensation^ as in road-rolling machines and presses 
for compressing matter. 

2d. — ^By indefn/ite dimsion, as in chopping, tearing, grind- 
ing, crushing, and stamping mad ines. 



FimcHondl Classification ofMechamcal Organs. 

87. The foregoing reconnoissance, so to speak, of the field of 
mechanism may give an idea of its extent, and may direct the 
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student's reading and practice. Bat, for present purposes, it is 
to be observed, that the vast range of mechanism here opened 
to view is composed mostly of endlessly varied combinations 
and proportions of a few mechanical elements or organs. 

The drawing of the separate element* or organs of mechan- 
ism will be the chief subject of the following pages, in connec- 
tion with so much description of their successive forms in pro- 
gressive practice, and of their action and use, as will lend 
additional interest and value to the drawing of them. 

Some instructions upon the drawing of connected trains of 
mechanism will be given afterwards. 

38. Mechanical organs may be conveniently classified as fol- 
lows, according to their functions, into — 

Sv^orters^ Regvlatorsy 

ReoewerSj ModvlatorSy 

CanrniAimoatorSj Operators. 

89. SuFFOBTEBS, as their name implies, are the frames or 
other fixed supporting parts of machines, whether general sup- 
ports of the whole machine or local ones of particular parts. 

Reoeivsbs are those parts to which the motive power is first 
applied in any machine, as in the piston of a steam engine or 
the endless platform of a horse-power machine. 

CoMMuinoATOBS ai^c the pieces which communicate the motion 
of the receiver to that of the parts which act on the material 
presented to the machine. 

Hbgulatobs are those organs which determine the effort 
exerted, the equalizing of its expenditure, or the supply or dis- 
charge of engines, etc 

MoDULATOBS are organs for the puipose of changing the 
relations of motion, as by reversing, disengaging, intermitting, 
etc, or by changing the ratio of the velocities of connected 
pieces. 

Ofebatobs are the organs which act directly on the raw 
material, or to inmiediately accomplish the object of the ma- 
chine. 

The following table presents a more detailed view of those 
organs. 
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FuHonoNAL Clabsifioatiok. 

iBeda. 
Frames. 



L SUFPOBTBBB. 



Local. 



n. Bbcbiyers. 



, In drmdt motion. 



In tedprooaUng 
tnodon 



' Local bed plates. 
Brackets and arms. 
Pillow blocks and axle boxes. 
Bracket and suspension hang 

ers. 
Footsteps and bolsters. 
Faceplates. 
Travelling tables. 
Goides and stuffing-boxes. 
Steam oylinders. 
Pump barrels. 
Gases or ohambeis. 

' Winches. 

Levers of horse mills. 

Endless platforms of hozse 
powers. 

Driving palleys. 

Vertical water-wheel backeta. 

Tnrbine backets. 
^ Windmill vanea. 

Pistons. 

Treadles. 

Beam levers, as of band fire- 
engines. 



'PrineipaL 



in. COMMinnGATOB& • 



/Backs. 

) Cironlar, el- 

( liptio, eta 



AimUa/ry. 



Bandwheels. 

Excentrios. 

Screws. 

Spur wheels. 

Bevel wheels. 

, Gears. \ Hyperbdoidal 

wheels. 

[Spiral wheela 



Bands. 
Oords. 
Chains. 

Fixed ooaplinga. 
Oranks. 
Bookers. 
Artienlatlons. \ Linka 

Working beams. 
Jointed rods, et<x 
^Hooke's joint 
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fqfwpplif. 



IV.RSOULATOBa- 



Low water deteotorg. 
Giffaxd^B injector. 
Cooks. 

e Slide. — Greene. 
.Valyes. . . . . -j Puppet.— Putnam. 

( Botaxy.— OorliA 



[ofafrnpipeCHmitooa 
I opening. "J Snow. 
t Ball 1 ( Judflon. 

/ GovemoM. -j Fan. N /Putnam. 

qr^arL i (Oil. ) jCtfst'mvavej^j^^J^ 

I Ply wheels. 



Y. MODULATOBS. 



opening 



^SeD&ning actions. Band shiftezs, eta 
Intermittvtff actunu, Escapementa, eta 
< IHsmigaging aeUtms. OouplingB, eto. 
Speed changers. Gone puUeye, eta 

, Tool-Jidlders^ and dide rests. 



[Corliss. 
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rSaws. 

Drills. 

Cutters. 

Paddle wheels. 
, Screw propellenk 



40. It should here be noted that many of these elements, 
especially among modulators and regviatorSy are eompownd 
organs, or avb-machmea, consisting of a train of parts, as in 
Beversing actions, Slide rests, Escapements, and Governors. 

We therefore define a mb-^machme to be a series of con« 
nected pieces, designed to perform a part sabservient to the main 
object of the machine to which it is attached. 

Oeometrioal Olassifioation. 

41. Though the foregoing may seem an elegant classification 
of the elements of mechanism, yet it is partly obscure ; for a 
given element does not, inherently and always, belong only to 
one and the same class. Thus a piston as a receiver in a steam 
engine is not conspicuously, if always at all, difFerent from a 
jpiston as an operator in a pump. Also, a spttr wAeely which is 
usually a com/nvimioatorj becomes an operator and regulator 
combined, in the geared fly wheel of an engine. 
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Still the foregoing classification is generally usefoL 

42. The following, which is new and entin)ly difFerent, is 
combined with the former in the ^^ general table." It con- 
sists in arranging mechanical elements according to the geo- 
metrical magnitudes which express their essential or ideal 
character, and to which they may therefore be reduced. 

For example, a shaft revolving in iwojpiUow hlocka^ is essen- 
tially a line supported at two fixed points. Hence a pillow 
block is classified as a rnechanical point. Likewise, material 
governor haUa reduce, in thought, to hea/vypointa at which their 
whole action is concentrated. 

Other elements, which act by virtue of their surfaces, or are 
equivalent to certain mutually acting sm*faces, are classified 
according to their surfaces. Thus, apwr wheels are equivalent 
to roUmg cylinders^ etc. By following out this idea, the classi- 
fication expressed in the horizontal columns of die general 
table, with the headings at the left, will be intelligible. 

48. We now proceed to develope the foregoing double scheme 
in a series of iUustrations of the several classes of mechanics^ 
organs there named. 

These iUustrations embrace, prirna/rUyj practical examples, 
drawn to scale, in a series of plates of a size convenient for 
adoption in actual class practice; and, secondarily^ brief 
notices and simpler illustrations, of various other forms of each 
of the organs selected as examples. 

The course, thus composed, is based upon the idea of at least 
one good representative plate, of each of the six classes of 
organs, as a minimum for the student's practice under instruc- 
tion. But, to ensure agreeable variety, as well as material to 
supply the wants of more rapid workers, several examples, 
drawn to scale, are given in each class of organs, so that all 
the members of a class need not necessarily draw the same 
objects. 



Seduction of Scodes. 

44. Where the admirable French colored mechanical litho- 
graphs, or suitable actual objects, are at hand, students, so far 
as qualified, may profitably make drawings from them. But 
In drawing from the French plates, those should principally be 
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ckoeen which give a scale and measurements^ and the oopj 
should be drawn from the measurements to a new scale. 

The scales given on the originals, being in French measures, 
the following examples will illustrate their transformation into 
iuitable English measures. 

Mrsty scales are expressed by one or more units of Imoer 
denomination to one of the same or of a higher, as a scale of 
two and a half inches to one inch or to a foot Suppose, then, 
that we have a French drawing of some small machine, on a 
scale of 24 decimetres to 1 metre. 

1 metre=39.4 inches, very nearly, and as 100 decimetreB=l 
metre, 

1 decimetre=.394 inches, very nearly, and 

24 decimetres= 9.456 inches, or a scale of J, very nearly. 
Suppose, then, that we wish a scale of about •}-. We see that 
one decimetre=f of an inch, very nearly, then take •}- of an inch 
for a decimetre, and 24 decimetres=8 inches ; that is, 8 inches 
to 1 metre=a scale of -J- very nearly. 

Seoondy scales are expressed in terms of one or more units of 
higher denomination to one of the same or a lower, as a scale of 
four inches to an inch=a scale of ^ ; or of five feet to one inch 
=^. Suppose, then, a French drawing, on a scale of 8 metres 
to 1 centimetre, is to be copied. 1 centimetre =8.94 inches, 
nearly ; and one-third of this on the scale=1.31 inches, nearly, 
will be a metre of a scale, giving a scale of about ^, since a 
metre=39.4 inches, which would be adapted to a very large 
machine, with the smaller parts omitted. To enlarge the scale 
to about -^^y construct a new scale in which 2 inches shall be 
called a metre ; then, 2 inches to 39.4 inches is a scale of -^ 
very nearly. 

45. We will now proceed directly with the explanation of 
the plates, which are of about the size recommended for stu- 
dent practice, viz. : 8^- x 12^ inches, that is, such as may be made 
by dividing a sheet of super-royal drawing paper, stretched upon 
the board, into four equal plates. 

If other sizes be preferred, we would recommend imperial 
paper in four plates of 9i x 13^ inches, or medmm, paper in 
two plates of 10x16 inches ; but that all the plates of each one'i 
Jet should be of uniform size. 
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PART 11. 

THEOEEMS, PROBLEMS, JlND EXAMPLES ON ELEMENTS 
OF MACHINES. 

CLASS L-SUPPORTERS. 

SECTION L— LOCAL SUPPORTERa 

46, Local supporters are very various, and difficult to classify. 
The following partial catalogue may therefore serve to suggest 
other kinds and forms of special supports. 

Zocal beds; as those of especially large and heavy parts. 

BrackeU and a/rmB^ jpiZUyuMockSy axMoxes, bracket and 
attspended TumgerB ; supporters of horizontal revolving shafts. 

Footsteps and bolsters ; supporters of vertical revolving shafts. 

Simple tool-Tests or holders ; supporters of operating tools. 

Simple chucks and face-plates to support revolving material, 
as in common and wheel-turning lathes. 

Tra/oeUmg-tahles / as in planing, milling, drilling, and shaping 
machines. 

Ouides and stuffing-booses; as in steam engines. 

Oj/linderSy barrelsy chamberSy chests^ etc., for water, steam, air, 
etc 

A— Point Supporters. 

Example I. 

A Seavy PiUozc^lock. 

Definitions and description. — The general term, ^bearingy^ 
is applied to the supporting surface on which any piece, as a 
revolving shaft, rests ; whatever maybe its position. The piece 
which supports a horizontal revolving shaft is called a piUovh 
blocky or plumber-block, when itself is supported from below, 
and open at both ends or sides, as in PI. L, Figs. 1 and 2. 
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In tho pillow-block, PI. I., Fig. 1, there is the hody^ B, and 
the covei'^ 0. The part, S, of the body is the sole, thrcugh 
which, as at ac^ holdrng-dawnrbolts pass, to confine the block. 
W are hrasaes^ whose inner surfaces are cylindrical, and form 
the bearings for a shaft. They are flanged so as to prevent 
lateral displacement, and are therefore, as at &, dropped into 
place before putting on the cover C. That part of the shaft 
which is within the pillow-block is the Journal, s is one of four 
setscreyys on each side of the body, to set up the side brasses, ^, 
against the shaft. Each has a check-nut, n. At A are the nuts 
of the cover-bolts, whose heads, not shown, are in recesses in the 
under side of the sole, as at ^, PI. II., Fig. 1. The bolt-holes, 
ac^ are longer one way than the other, and are hence said to be 
slotted. They are thus made to allow the position of the block 
to be adjusted between the lugs, as dd\ Fig. 5, so as to bring 
the two or more pillow-blocks on the same shaft into line ; or, 
in case of a steam engine, to adjust the distance from the centre 
of the shaft to the centre of the cylinder. 

The pillow-block shown in the figure, being for a 14" hori- 
zontal shaft, the bearings, &, are continuous only in the lower 
half of the block. The bolts, as A, are relieved from the lateral 
pressure of the shaft upon the cover by forming the latter, as 
shown, to be embraced between the walls, B, B, of the body. 

This pillow-block was designed for a vertical engine, used in 
driving the rolls of a steel-rolling mill. At the beginning there- 
fore of the dowrirBtroke of the piston, the cylinder being over- 
head, the thrust of the connecting-rod and crank, and the weight 
of the 14-inch shaft, come upon the bottom of the bearing at D. 
When the up<stroke begins, the weight of these three pieces 
relieves the upward thrust, and bars, as b\ afford sufScient bear- 
ing on the upper side of the shaft. The wear being mostly at 
these points, provision for sufiScient adjustment is made by the 
space between the cover and the body of the box. 

Construction. — ^From the above description, with the given 
scale and measurements, the drawing can be made. Observe 
that each elevation has a centre line, and that the plan, which 
the student should make, with, or instead of one of the eleva- 
tions, would have two centre-lines. A section should also be 
made. 

The scale might well be increased to an inch and a half ^y 
onefoot 
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Example IL 
A Putnam Pillow-block. 

Description. — ^This beautiful pillow-block, PL I., Fig. 2, ia 
not shown in finished drawings, like the previous figures, but 
only in sketches, with measurements, from which the student 
can make finished drawings. 

This design is from the Putnam Machine Co., at Fitchbui^, 
Mass., and is adapted to a horizontal engine of about 24-horse 
power. 

In a horizontal engine, where the piston is at either end of 
its stroke, the connecting-rod from the piston-rod to the crank, 
and the crank, a short, stout arm attached to the shaft by which 
the latter is revolved, are both horizontaL 



s 



^ > < 



Fia.l6w 



-:*' 



Hence when the connecting-rod is at its extreme bafck posi- 
tion, pCy Fig. 16, and about to turn forward, it acts to jmU the 
crank CS against the shaft S, and the latter against the front 
of its bearing in the pillow-block. Likewise, when the connect- 
ing-rod is at its extreme front position, ^'o', and about to move 
backward, it acts for a moment to push the crank C'S, and 
thence the shaft S, backward against the pillow-blobk bearing. 

Thus the pillow-block of a horizontal engine is mostly worn 
at the points A and B, PL I., Fig. 2. Separate adjustable 
brasses are therefore provided at those points, in the design here 
shown. A recess, abed, contains the brass ady and wedge be, 
each ten inches long, see also Fig. 3, whose tapering faces lie 
together as at ef. Hooked bolts, as 0, enter tixe holes gg' in 
the wedge. By turning on the nuts, A, of these bolts — of which 
there are four in all — ^the bolts and wedges are drawn up and 
the brasses crowded in against the shaft. Shallow recesses, as 
FG — ^F'G', in other parts of the bearing, are filled with an anti- 
friction alloy called Babbitt metal, and the wear on these parts 
being very small, the cover, H, is closely fitted to the body, I, 
of the box. The collar LL— L^L' affords a long bearing for die 
shaft 
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The Bole, holding-down-bolts, and cover-bolts will be reco^ 
nized on comparison with Fig. 1. 

Fig. 4 shows a sketch of the manner of fastening the block 
to the top flange, AA, of the bed-plate, or general support o£ 
the engine, by means of a key, Tck\ through the holding-down 
bolt W, and under the flange AA. In Fig. 2, MNN shows 
the plan of the wider part of this flange, on which the pillow- 
block rests. 

Constructian. — Since this pillow-block has two vertical planes 
of symmetry through its centre, O, it is sufficient to show the 
exterior of one half of it. In the elevation, therefore, all to the 
right of the line 0^0^', is a section on the plane OB ; and in 
the plan, the right-hand half shows the cover removed. The 
arcs, as nk and omy are drawn from O as a centre. The points 
rr'y 88\ and ti! are fully lettered, as the large and small curved 
outlines of the block in their neighborhood sometimes perplex 
learners. 

The parts on which shade lines are scattered in the elevation, 
are sections of the solid portions of the block, which is hollow. 
In the finished drawing, diese portions should, of course, be filled 
with fine shade lines, omitting the bolt holes, as K', and the 
bolt 0. The figure — 2 — ^is a sketch from a model, having quite 
different measurements from those given. It will therefore be 
sufficient for the student to give the same views as in Figs. 
2, 3, and 4, though an end view, partly shown in the right hand 
one of Fig. 4, might usefully be completed from the given 
measurements. 

47. The Tiea/vy Unea — or lines of shade — ^are shown on the 
principal figures of this plate. Taken in connection' with 
the Jhct that light is usually so taken in practical examples, 
that li&prcfjectiona make angles of 45 degrees with the ground 
line, and ^e jprinciple that they divide surfaces in the light 
from those in the dark, they will assist the student in adding 
the lines of shade to other figures where they are not shown. 

Example TfT. 
A Frtmk PiOow-Block. 
Deicriptiofu — ^This example, PI. IL, Fig. 1, is given on 
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account of its beauty of design, rather than for its nechanica] 
merits. The spherical ends of the nuts, their raised seats,^ 
and a; the tapered collar, FF', the three-centred tops of 
the cover, two of whose centres are O and j?, and the slight 
slope of the surfaces which meet at ho — Vc\ all give a fineness 
of figure which pleases the eye. But, designed for a horizontal 
engine, as it is, tiiere being but two bolts to the covers, there is 
no provision for the extra wear of the brasses G, at the lateral 
points as I ; and as the cover does not slide within the body of 
the block as in Ex. L, it is less capable of resisting the hori* 
zontal thrust upon it. 

Construction. — This block, having two axes of symmetry, 
only one-fourth of the plan is shown. The scale should be 
increased to one-halfy or three-fourths, for the best effect, 
and half of the plan should be shown. The measurements are 
left to be foimd by the given scale, or assumed. 

The end elevation, which is very neat, can easily be made 
from the projections here shown ; and the whole, owing to its 
numerous curved and oblique surfaces, would be a particularly 
good example to shade with graded tints. 

Another pillow-block, wliich may, if desired, be taken as a 
separate example, is shown at MP — ^MP, Figs. 1 and 2, 
PI. VII. 

Example TV. 
A Locomotive Main Axle Box. 

Description. — PI. II., Fig. 2. In the pillow-block, the shaft 
rests in the block. In a locomotive, the shaft or axle is 
supported by the wheels, which, in turn, rest upon the rails of 
the track. The weight of the engine then bears upon the tops 
of the axle boxes, which, again, bear down upon the uppermost 
part of the axles. Hence the main provisions for wear and 
support are made in the upper part of the box, which, indeed, is 
essentially a pillow block inverted, and modified to suit the 
frame of the engine. 

The example shown is from recent practice on tlie New 
York Central R. R. By comparison of measurements with 
those of the engine frame, PI. VI., Figs. 3 and 4, it will be seen 
that the wedge key, W, Fig. 3; a'p. Fig. 4, is between the 
flanges B,B— B'B'' of tlie box. G G, G is the body of the box. 
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level on the top Burfaces, AA, and depressed at JlJbl, — ^H' m H^ 
The depressions SS — S' — S'' are the seats of "the stirrup 
blocks," on which, through the medium of very stout springs^ 
the engine rests. 

C is the brass lining, made thickest at E, by centring its 
outer curve at o, i an inch above O, the centre of the axle. 
6 — 6 — e are recesses for Babbitt metal. KK are tlie front and 
rear walls of the oil cellar, which is packed with cotton Vast« 
and oil, and whose lateral walls, L, are -^ of an inch thick. 
The outside recess, FF^, in the cellar, keeps the bolt ody which 
passes through the front and rear walls to hold the cellar in 
place, from passing through the oil. 

Co^nstructUm. — The titlcB of the separate views, and the 
given traces of the planes of section used, and the given 
measurements, leave little need for minute directions here. 
The scale may be changed to ^ or -}-, and a horizontal section 
through O might well be made. It is left for the student 
to determine, by comparison of the different views, which 
parts of the sections should be filled with lines of shading, 
as being in the planes of section. 



ShaftrII(mgerB^ 

48. On entering any mechanical establishment, a noticeable 
feature consists in the many band wheels, revolving on a com- 
mon axis, or " Tme of shaftmgy^ supported from the walls or 
ceiling ; or from posts. The band wheels go by the name of 
" (/oerJt^ead puUeySy^ and their supports by the general name of 
hangeTBy thoiigh this name may be more strictly applied to sup- 
ports from the ceiling timbers. 

Now a wall, or row of posts, or ceiling timbers, are liable to 
warp, or spring, lean or settle, and thence to throw any bear- 
ings attached to them out of line with each other, and thus to 
produce an injurious binding of the shafting in its bearings. 
Again, overhead shafting is less accessible for oiUng than that 
which is near the floor ; and, if unprotected, may drip black- 
ened oil disagreeably upon persons and things below. 

Hence, the main points of a good hanger are, first : that it 
ahall be adjustable both vertically and horizontally, so that its 
bearing shaU be in line with all the others of the same row; 
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second, that it shall aeldom require oiling; and third, that it 
shall not drip. 

PL in., Figs. 1 and 2 represent two very good hangers, the 
second of which fulfils all the conditions just mentioned, while 
both are good exercises in the construction and reading of 
drawings. 

EZAHFLB Y. 

A Bracket Simger. 

Description. — ^Pl. IIL, Fig. 1. This design is from the Indus- 
trial Works at Philadelphia, and as made in 1858 and sub- 
sequentlj. 

It is shown in two complete elevations and a plan, from which 
the bearing is removed ; and a horizontal section through the 
case F,F',F'' is shown, 

A,A',A'' is the bracket, fastened by bolts, at J,i',i", to the 
walL A two-inch shaft is supported at C',0'T)", and the box 
CD" is self-adjustable by its spherical curvature shown in 
dotted lines, where it passes through the close-fitting ring, 
B',B'' ; the upper and lower parts of which are held together 
by bolts as at o',o". At d'd^' is the oil hole ; ^",a" are dripping 
cups to catch any oil that may work out at the ends of the bear- 
ing. They rest in the ears or recesses at e^. The ring B',B", 
is attached to the screw S,S',S^', which affords a vertical adjust- 
ment to the bearing. The latter is adjusted horizontally by the 
three screws m, which bear against the hollow cylinder jp, 
within which the screw S works. Just above the letter S is 
seen half a thread of this screw. The shape of the chamber, 
F, allows for horizontal adjustment, principally in a direction 
perpendicular to the waU, to which the bracket is fastened, as is 
obviously most necessary. The whole being adjusted, the check 
nuts n,n^ and N,K^ hold the bearing fast in the desired position. 

Oonatructian. — ^The measurements not given, may be deter- 
mined by the scale, or may be assumed. The student may ad- 
vantageously increase the scale to one fovrthy one Jifthj or one 
iixth ; and may make out a vertical section through the axis of 
the shaft 

The heavy lines are indicated by small double marks acroflo 
them. The student should, however, always note the heavy 
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lines for himself befc re calling for assistance; guiding himself 
bj the principle that the light is taken so that its projections 
make angles of 45^ with the ground line ; and then that sur- 
faces illuminated are separated from those in the dark by heavy 
lines. (47,Ex.n.) 

"RxA-lfPT^lC "VX 

A Sdf'OiK/ng Drop-Hanger. 

Description. — ^PL IIL, Figs. 2, 8. This design is from Messrs. 
BuUard and Parsons, Hartford, Conn. It is claimed for it that 
it requires oiling but twice a year, thus saving more than half 
of the oil, and nearly all the labor required by a plain box. 

A, A' is the top plate, solid with the drop, which extends in 
one piece to the line Mm^ The moulded cylindrical part 
MM/^V, is hollow, and receives the swivel h'MMu\ whose bear- 
ings are as indicated at M and M, the space between the lines 
V and c^ being hollow all around. The svnvel also is hollow 
between a' and a''\ from ME to ^ / the ring QQ', being in one 
piece with the swiveL Fig. 8 shows an end view of the ring 
and swivel, where CO''' is the form of a section of the ring at 
the top, and the similar small figure at v'' is a section at the bot- 
tom. By means of the nut N, working through the head of the 
swivel, the latter may be raised or lowered, and turned in any 
direction. The journal box itself, ge — g^tf is held in position 
within the ring by the opposite set screws n^n'^n'^ which adjust 
it laterally, and work through bearings t^t, not shown in plan. 
The box being thus held at two points is self-adjusting to imper- 
fections in the straight line of the shafting. L' is the oil cellar, 
the spiral grooves, L,L, in which, hold oiled packing, which draws 
up the oil from L by capillary attraction ; and the circular chan- 
nels at q and g catdi any oil that might otherwise drip out 

In reading this drawing, we notice a set of circles with Y as 
a centre in the plan, and another, v^ith X as a centre in the ele- 
vation. Of the former, a^Jifi and rf, with a'Jb'^'yCf and d\ re- 
present the several vertical inner and outer cylindrical surfaces 
^ of the drop and swivel, antl e—f, \& the plan of the extreme cir- 
cumferences at ef and/*'. Of die latter, the letters of reference 
■how the position, being the same on the two projections of the 
same circle, as r-V, the end circle of the box ; or the same 
cylindrical surface, as pp\ the inner surface of the box. 
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The letters CO', etc., and HH',etc., clearly indicate the font 
of horizontal sectionB of the drop and the ring. 

To avoid the indistinctness of too many dotted lines, the plaHj 
HQ, of the ring is made in full lines. 

Construction, — The measurements not given may be ascer- 
tained by a scale, or suitably assumed. By placing the figure 
lengthwise on the plate, the scale may properly be enlarged to 
im&4M/rdj or onid-half. 



Example VIL 
TvMne amd Spindle Foot-Stepa. 

Desoriptio-n. — ^A foot-step is the support of a vertical revolv- 
ing shaft at its lower extremity. PL IL, Fig, 8, represents the 
footstep for a Jonval Turbine, substantially as made by Col- 
lins and Co., of Norwich, Conn. SS — S' is the bridge tree^ ex- 
tending across the wheel case at the bottom, and stiffened by the 
rib ER'. The socket, dd — dfd\ is solid with the bridge tree, 
and surrounds the oaj>^ ah — a'h\ whose position is adjusted by 
set screws, as pp\ roughly shown. The remaining parts are 
not shown in the plan. B, the step itself, is of lignum vitse, 
immovable in the cup cA — a*h\ On it rests the step howl^ CD, 
of iron, which is keyed to the shaft, E, of the wheel, as seen 
at ky and is solid widx the lower plate of the wheel. 

Construction. — The measurements may be determined from 
the scale, and recorded. The cup, and parts above it, are shown 
in section, and may be shaded accordingly. Also the elevation 
is shown in section, as cut by a plane a little in front of BB. 

The spindle foot^tep^ PL IL, Fig. 4, gives a very simple 
drawing exercise, but is noticed on account of its utility. Where 
thousands of spindles are running in the same mill, any device 
which lessens the frequency of oiling is valuable. In this foot- 
step, any convenient fibrous packing is placed in the annular 
space, DD', and well saturated with oil. Openings, aa* and hh\ 
conduct the oil from this space to the vertical rc^volving spindle, 
which rests in the step CC Near the upper end, the spindle is 
supported by another bearing, similar to A''B", but open at both 
ends, and called a bolster. 

A spindle making 4,500 revolutio:is per minute needs ciling 
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not oftener than twice a week with this f oot-Btep and bolster, ai- 
stead of once or more every day. 

There is a somewhat similar device, but without the fibrous 
packing, known as Gilman's spindle step for " Eoving Frames." 
These machines act in an earlier stage of the formation of the 
thread, and their spindles revolve more slowly, or at 500 revolu- 
tions per minute. These steps require oiling but three or four 
times a year. 

49. In leaving the subject of shaft supports, an improvement 
in the shafting itself may be mentioned. This is what is known 
as cold rolled %hafting. Merchant, and other manufactured iron 
is generally rolled hot; but, by a patent process, bars, rods, 
axles, also plates and sheets, are now rolled cold. This, as ex- 
periments show, compresses, hardens, and strengthens the iron ; 
and also leaves it highly polished, and perfectly true in straight- 
ness and roundness, and firmest in its outer surface or ^^ %ldn^^ 
which is cut away in other shafting, by the process of turning 
it true in the lathe. 

B— Iiine Supporters. 

EXAMPI^ VIIL 

Looornotwe Guide Bars and Crose-Jiead. 

Descrijption, — The outer end of the piston-rod of most en- 
gines is attached to a block, or transverse piece, which slides 
back and forth as constrained by fixed guides, upon which it 
moves. The block or transverse piece is called a cross-head. 

When the guide bars are separated only by the cross-head 
they are, ideally, one to four straight and parallel lines, on or 
between which the cross-head, reduced to a pointy moves. "When, 
as in side-lever, and some other engines, they are necessarily 
separated by the diameter of the cylinder, the cross-head becomes 
extended into a transverse Une^ attached to the piston-rod at its 
middle point, and having its rectilinear movement determined, 
at its extreme points, by the guides. 

On some accoimts, the cross-head might be classed with com- 
municators, but it is so convenient to represent it in place, as 
working between its guides, that it is here accounted a supporter, 
which indeed it is, to one end of the connecting rody which 
actuates the cranky and thence the main shaft of the engine. 



Digitized by V3OOQ IC 



3S SLEMEMIB or 

ri. IL, Fig. 5. T,T' is a collar on the back end of the cylin- 
der, from which project the pieces, one of which is E, to which 
the front ends of tlie guide bars are bolted. DD^ is an arm, 
open like a loop or ring, or like an ox-bow, at the part to which 
the guides are fastened, so as to allow the vertical play of the 
connecting rod. Here the pieces £', to which the guides are 
bolted, are themselves bolted to DD' by the nuts and bolts at 
NN' and nW. Now, BB' is the front upper guide, B,0' the 
front lower one ; A,B' the back upper one, and A,C' the back 
lower one. That is B, for example, is the horizontal projection 
of two bars, one vertically xmder the other ; and C, for example, 
is the vertical projection of two, one of which is exactly beldnd 
the other. EEll'* is a portion of the piston-rod, whose full 
diameter is shown in the elevation, by nicking out a little of the 
guide bars, as shown. 

The cross-head, which is quite an irregular solid, is shown in 
plan and elevation, partly hidden by the guides ; alone, in rear 
elevation, in Fig. 6 ; and with a cross section of the guides and 
brasses in Fig. 7. M,M',M" is the body of the cross-head, flush 
with the tops of the upper guides, and Uie under surfaces of the 
lower guides, but entirely hidden in the side elevation. V V, W' 
are the vertical wings of the cross-head, giving it a longer bearing 
on the inner faces of tlie bars. H,I1',H'',H''' are the horizontal 
wings, which in some engines are as tiiick as the space between 
the upper and lower bars. In this design, brasses h^'V)>''V\ 
shown also in section above and below W\ intervene between 
the wings H,H', and the bars. They cannot slip out to right or 
left, being hooked at both ends, as shown at V on the lower one. 
They are otherwise confined by the plate FF', which is bolted to 
the wing H,H^ The back end of die piston-rod is conical, and 
goes through the body of the cross-head, as shown by dotted 
lines. It is fastened by the key kkHd'h'". The pin PP' is 
cylindrical, and forms a point of attachment for the connecting 
rod. K,K" is an arm, projecting from the back plate G, to 
carry the pump-rod L. 

Fig. 7 shows a section of the back bars, brasses and wing iu 
the plane Yy ; and a section of the fix)nt bars in any plane, as 
Xfl;, to the right of the brasses. 

Consiruoiion. — With this description, and with the full 
measurements and lettering of parts broken away, the construc- 
tion can readily be made. The scale may well be incrrased to 
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ons-9iasih^ or even one^fifih; in the latter case by breaking out a 
part of the length of the guides. 

60. As an example of the gradual development of a mechani- 
cal idea, it is interesting to note the successive forms of loco- 
motive cross-heads that have appeared. Fig. 8 represents, 
roughly, the general form of a cross-head often seen from about 
1845 and onward. Here the single guide bar, B, running 
through the cross-head, the latter has the greatest leverage for 
working itself in a rotary direction around B. The piston-rod 
was inserted at B, and P is the end of the pin to whidi the con- 
necting rod was attached between two ears, one of which is Q. 

Fig. 9 represents an improvement relative to steadiness of 
motion in the cross-head H, by making it move on two guide 
bars, B,B. Here, too, we have an elementary illustration of 
unessential variations of one idea, for the guides were sometimes 
of circular section instead of a square one ; and square section 
guides were sometimes set diagonally, or so that opposite edges 
as (la should be in a vertical plane. This form was common 
between 1850 and 1860. 

Finally, the last example, Figs. 6-7, represents the fully de- 
veloped idea of steadying the cross-head to the utmost, by confin- 
ing it between four exterior guide bars ; which is the extreme 
opposite in efFect of the form shown in Fig. 8. This form has 
prevailed in the United States since about 1860, especially on 
"outside cylinder" engines. 

Where there is a greater tendency to a vertical than a Jiori 
eontal displacement of the cross-head, as in the common four 
driver switching engines, without trucks, which rock vertically 
a good deal, the guides now often consist of two bars in & verti- 
cal plane, with a cross-head of greatest width verticaUy ^ as if 
the j>2an in Fig. 5 was an elevation of guides consisting of only 
two bars. 

0— SUBFACE SUPPORTER& 

a— Plane Supporters. 

61. Passing these without figured illustration, we merely 
define iron-planer tables and face plates of lathes as movable 
supporters. Each is pierced with many cross-shaped openings 
to allow large or small work to be conveniently fastened at any 
pouit of it 
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b-^Developable Supporters. 

62. Aasociating priamatio and pyramidal forms with cifUn' 
drical and conioaZ ones, we distinguish su/rface from volmne 
elements, when it is only the s^crface of the supporter, and not its 
interior capaoiiy^ which we have to consider. 



Example IX. 
A Local Bed Plaie. 

Deeoription. — PL I., Fig. 5, represents the bed for a 60-ton fly 
wheel, at the Bessemer steel rolling mill, in Troy, N. T. Its 
principal parts are the sole, AA' ; the vertical web, B — ^B'B' ; 
the top plate, C,C' ; the gussets, DD', and £E' ; and the trans- 
verse supports, as FF', through which the holding-down bolts 
pass into tiie masonry below. 

Both projections have a transverse centre line, OO'. The 
part of tiie plan to the right of the broken edge, aby shows a 
horizontal section in the plane, MN ; dd' is one of two lugs to 
confine the pillow block which rests on the plate CC 

Construction, — ^With the given measurements, sufficient data 
are afforded for drawing this bed, as shown, or with the substi- 
tution of an end elevation, and longitudinal and transverse sec- 
tions ; some one or more of which variations from the given 
figure should be made by the student 

D— VOLUME SUPPORTERS. 

Example X. 
A Locomotive Cylinder, 

Desoription.-T-'Pl. IV., Fig. 1. This example is from a first- 
class engine of the New York Central RR, taken from working 
drawings of an engine not then built. 

The drawing shows an end elevation, with the cylinder head 
removed, and a vertical longitudinal section. 

The CT'I elevation also shows a part of the saddle^ EFLH, ex 
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tending across the engine, and bolted to the smoke-box, t^t;, 
while the cylinder flanges, S JD, and MN", are bolted, the former 
to the smoke-box, and the latter through the main frame, whose 
section is I, to the end, LH, of the saddle. 

The drawing further shows, incidentally, for convenience, a 
bottom plan, T ; a transverse section, T' ; and longitudinal sec- 
tion, T'', of the steam vahe; the piston^ P, with its rod, E; 
and the stufling-box, JJYw ; consisting of the collar, U, of the 
back cylinder head ; the gland Y, bolted to U ; and the annu- 
lar space, v)^ in which the steam-tight packing is confined by the 
gland, V, and ring or lining, x. 

For the rest, the correspondence of the letters well shows the 
different projections of the same parts. Thus, g'gf' — gt^ is the 
valve seat ; A'A, indicating lines by one point, is the floor of the 
steam-chest, whose sides and top are removed, and into which 
steam enters through a pipe behind K'K at D', and the port 
d'\ which may be 12" to 14" long. The annular surface, of the 
width, y 7'—;; '7, is on the cylinder head, and is set a little back 
from Vvnl — In!' to allow a ring of packing to be inserted. 
Yy'yf'n' — nmky is a steam-port, extending, as the end view thus 
shows, tlirough nearly a third of the circumference of the 
cylinder, at each end; C — CC", is the axis of the cylinder, 
(jo' the radius of its hore^ and the minutely greater distance, 
Cjp', is that of the covrnter-bore for a short distance at each 
end, as shown at op^ and intended to facilitate the discharge of 
water of condensation. BW is the front cylinder cover which, 
like the rear one, is a little concave, so as to conform to the 
piston, and thus reduce the volume of old steam left in the 
cylinder at the beginning of a new stroke. XXX is the front 
cylinder-jacket of brass, the confined air within which keeps 
the heat of the cylinder from escaping, and is ornamental. 

In view of a prevailing disposition in some quarters to strip 
the locomotive of all its ornaments, it is not an improper di- 
gression to say, here, that it is probably all a mistake to do so. 
It is not for the' sake of the engine, though ihat^ as a thing 
quite analogous to life, deserves ornament, nor for the sake of 
die public only, nor in regard to the character of the train, as 
esDpresSy or freight, that an engine is to be ornamented ; but it is 
chiefly for the sake of the m^ who operate it If $300 to $500 
apiece, spent in beautifying the passenger engines, and $200 to 
$800, each, on the freight engines, interests and rationally 
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gratifies their operators, and so raises the morals of the ent va 
force of a road ; it is money well spent It may be true, how- 
ever, that brass and scarlet are not the chief means of locomo- 
tive decoration. An abundance of smoothly rounded and 
finished surfaces of iron and steel may have a greater as well 
as more quiet elegance. 

Construction. — ^With the full measurements given, this needs 
no special explanation. By turning the figures crosswise of the 
plate, and substituting a mixed plan and horizontal section for 
the end view, the scale could well be increased to one-Mox^ 



"R-yAltfPT.Tl! XI. 

A Jet CondeMcr. 

Oeneral ea^lcmations. — Steam engines are distinguished, in 
one of many ways, as eondensmg^ or nonroondensmg ; popularly 
called, low and high pressure, respectively. 

The latter terms are quite loose, since there is no particular 
point at which pressure may be said to cease to be low and be- 
come high. 

High pressure engines work agcumst the pressure of the air, 
since their passages for the escape of steam from the cylinder 
open into the atmosphere ; while the cylinder, acting as an air- 
pump, tends to exhaust all the air from the boiler, so that there 
shall be only steam on the side of the piston which is at the 
moment open to the boiler. 

Low pre88v/re engines, on the contrary, have a vacuum more 
or less perfect on the opposite side of the piston from the steam. 
Hence, with any given pressure, they have an advantage of 
about 14 pounds per square inch over high pressure engines. 

In short, each has steam, only, on one side of the piston ; 
while the high pressure engine has an opposing atmosphere, 
but tiie low pressure one a vacuum, on the opposite side. 

The vacuum, maintained in the low pressure engine, exists 
primarily in the condenser ; a vessel immediately communicat- 
ing with the steam-cylinder, and into which the steam passes 
after effecting a stroke of the steam-piston . and is condensed. 

This vacuum is produced at first by tiie action of an aiivpump, 
which is a part of the engine, and which removes not oidy the 
%\T at first found in the condenser, but the water of condensa- 
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tion also. It is maintained by the air-piunp and by the procesa 
of condensation itself. 

There are- two classes of condensers, according as the escaped 
Bteam is brought into direcCj or indirect contact with cold water 
as a means of condensation. The former are called y^conden- 
sers^ the latter, surface-condensers. 

Descrvpticm. — ^Pl. V., Figs. 1, 2, 8, represents a jet-condenser 
of die form frequently found on American lake and river 
boats. Fig. 1 is a partial plan ; Fig. 2 a vertical section on the 
vertical plane Mn, Fig. 1 ; and Fig. 3 is a partial elevation, look- 
ing in the direction indicated on Fig. 1 by nM. 

MM— M'N'— M'TS^'' is the wall of the condenser, which is 
vertical and cylindrical. AB — ^A'B — 'B'' is the in;ectionrpij>ey 
conducting cold water to the upper part of the condenser, 
whence it falls through the strainery CC, and meets and con- 
denses steam which enters from the cylinder through the nozzle 
D,D',D''. A few, only, of the numerous holes in the strainer 
are shown in the plan. 

E^'^ is a manhole, covered by a plate, for affording access to 
the interior of the condenser. F,F',F'' is a slanting flange by 
which the condenser is kept in place relatively to the ffoUows 
Jrame which supports the working beam. The lugs, JJ, and 
the lower brackets H,H',H", afford bearings for bolts which 
fasten the condenser to the hedrplate^ PI. Vlll., and parts ad- 
jacent The upper brackets, G,G',G'', give bearing for tie 
rods which bind tiie beam-pillow block and the condenser to 
a fixed relative position. The strainer rests on lugs, as aa'. 
The lower surface N'N' of the condenser, rests on the bed-plate, 
and its top rim c'df — (f'd" is the bearing for the cylinder. 

Construction. — ^The small scale of i inch to 1 foot may well 
be enlarged to not more than 1 inch to 1 foot The curve 
KL — ^K'L' — Kf^'' is the elliptical intersection of the oblique 
front plane of the flange, F,F',F'', with the vertical cylindrical 
outside of the condenser. It is readily constructed by points, 
by simply considering that any ordinate, as kfy upon the centre 
line Mn of the plan, will be vertically projected at F', and on 
Fig. 8 at h"f"—hfy and laid off from the centre line n"%'\ 
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Ezahfl3s XTT- 
A Surfaos Condenser. 

Desoriptum. — ^Any surface condenser is an arrangement of 
parts such as to bring confined steam into contact with a large 
area of surface which is kept cold. PI. V., Figs. 4, 5, 6, 7, and 
8, gives suflScient, though not entirely complete, views of a sur- 
face condenser, as built by the Novelty works at New York 
for the recent Pacific Mail steamers. 

In this condenser are 4,224 tubes of galvanized brass, each 
about 9 feet long, f inch outside and i\ inside diameter, in- 
serted at the ends in tube plates, I., Fig. 7, where a tight joint 
is made by a collar or packing of compressed wood,^, around 
the tube. 

A,A'' is the bed-plate, see PI. VIII., through a passage in 
which, water is forced, entering the condenser at L, and passing 
through the tubes and out through the out-board delivery, O, 
08 indicated by the arrows W,W,W, Fig. 5. B,BBB is the con- 
denser proper, into which steam enters from the cylinder, C, 
through the exhaust valve at ee, and as shown by the arrows 
s^fS. It is condensed by contact with the cold tubes ; and as 
it is not mixed with the cold water of the tubes, it forms fresh 
hot water for the supply of the boilers. This water flows into 
the lower part of the bed-plate A, whence it is lifted by the air- 
pump, P, into the hot well, and thence pumped into the boiler. 

The covere, FF, Fig. 6, of the separate openings in the skele- 
ton frame of the condenser, are called bonnets. F', at the left, 
is an edge view of one of them. At HH, one of the bonnets is 
removed, showing some of the tubes. D is the rounded con- 
denser cover. KK'', not shown in the plan, Fig. 4, is the flange 
resting against the gallows frame GG. Fig. 8 is its horizontal 
projection, corresponding in position with K. S'',SS is the 
steam-chest ; N, the steam-pipe nozzle ; Q and Q', the steam 
and exhaust pipe. 

Fig. 7 is a detail, enlarged, of an edge view of part of a tube 
plate, showing the wood packing^. 

Construction. — The scale, except in Fig. 7, is very small, A 
scale of from i- to ^ woald be much better. 



Digitized by V3OOQ IC 



MAOmNB OONBTBUOnON AND DRAWING. OV 

SECTION IL— GENERAL SUPPORTEBS. 
A— Point Supporters. 
B— Une Supporters. 

Sto/nda/rds. 

63. Standards, otherwise called, without much distinction 
po«t8 or cohmrnSy are those upright supporters around which 
the working parts are mostly arranged. It may be said that 
standards and posts are fastened only at bottom, but columns 
at both ends. 

This class of supporters is found in connection with upright 
drilling machines, power hammers, etc. 

The two following examples are chosen for their excellence 
in affording practice in drawing compound curves, and, in part, 
the intersections of surfaces. 

Example XIIL 
The Stcmdard of a Power Hammer. 

Description. — ^This example, PL VI., Fig. 1, represents the 
standard for one of Shaw and Justice's patent dead-stroke 
power hammers, with a 1001b. hammer. It presents some 
points of such novelty and interest and value, as indicated 
by extensive use, that flie following general description precedes 
that of the standard separately. 

Fig. 16 gives a general view of the whole machine, in two 
elevations. 

A is the hammer, working vertically in guides B. It is 
attached by the belt and links, CO, to the heavy bow spring, 
DD, which in turn is actuated by the connecting rod, E, from a 
crank pin on the wheel J. 

A baud wheel, L, on the same axis, actuates the whole 
machine. Its band, however, is loose, and is made to act by 
pressing down the treadle, HH, which draws up the "idlei 
wheel," GG, against the band (not shown), and makes it bind. 

The same operation also slacks the leather brake, MM, 
a^d leaves the machine free to act. When the treadle is let go, 
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the hamd is slacked and the brake tightened, by the falling 
back of G, and the hammer is instantly stopped. 




Fio. i& 



To understand the action of the spring, it must be understood 
that the hammer acts with great velocity, making, for a 1001b. 
hammer, about 250 strokes per minute. At the instant, then, 
that the spring begins to ascend^ the resistance of the hanuner 
compresses it somewhat, and when it begins to descend^ the 
momentum of the hammer carries it upward, still, a short 
distance, which causes a strong compression of the spring, 
while the belt CO will be slightly curved vpwarda. Then, in 
the remainder of the descent, the recoil of the spring acts with 
great force to straighten the belt and draw down the hammer 
much more powerfully than its mere free descent, through so 
short a space, coi M do. The spring further acts to pick up the 
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hammer infitantly after its blow has been given, so that the 
f omidations are less beaten than by a drop hammer. 

The connecting rod is in several pieces, coupled with right 
and left screws, so that its length can be adjusted by taming its 
parts by pins inserted in its holes, so as to give any desired 
distance between the hammer and the anvil. 

Canstrtiction, — ^This is shown in PL VL, Fig. 1, by two 
elevations and a horizontal section through the guides. The 
scale used was that of half an inch to the foot A scale of 
double that size, as shown in the section, is recommended. 

As any two projections of an object often reveal all its 
dimensions with sufficient clearness, the student can often 
exercise himself to great advantage by constructing other views 
than the ones shown, from the measurements given. Thus, in the 
present case, a plan could be constructed, and a vertical section. 

With the full measurements given in this example, no further 
directions for its construction seem necessary. 

Execution. — Under this head but few remarks have hitherto 
been made, as the plates have been supposed to be executed 
simply in lines. Some of the figures, and this one among 
others, might be fully shaded with excellent effect; in this 
case, on account of tiie numerous bluntly rounded edges. 
When thus shaded, a figure need have no ink lines at all upon 
it, aU the sharp edges, if there be any, being well shown by the 
contrast of shades between the adjoining surfaces, or by leav- 
ing a narrow line of lighter shade on edges exposed to the 
light, and of darker tint on edges which are lines of shade. 

64. Having in view the advantage of comparing different 
means of attaining the same object, the following figures and 
description of a very elegant species of spring power hammer 
are added. The description is nearly in the words of the manu- 
facturer's circular. The machine is known as Hotchkiss^s 
patent Forge Hammer. 

Description. — ^The Hammer represented by Figs. 17 and 18 
claims 

Ist. Simplicity and Durability. 

2d. Economy of Power and Space. 

8d. Striking square with a shajp and elastic blow. 

It runs with little noise, and by the peculiar arrangement 
of the cylinder and piston, the hammer is driven by air-springSy 
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Pio. 17. 






ttiiiiiintiiii 



which saves the machine from jar, other than the blow on the 
anvil or work ; and can be used in any building without in 
juring the foundation or walls. 

The cylinder and hammer 
moving in vertical slides, each 
blow is square, exactly in the same 
place, and some kinds of die work 
can be forged as exact as under 
a drop, with greater rapidity. It 
is under the perfect control of 
the operator, can strike light or 




Fig. la 



heavy, slow or fast, as desired, and will draw, weld, or 
Bwage. 

The hammer derives the increased force of its blow from 
the reaction of compressed OA/r upon the piston. The air 
is compressed within the cylinder A by the piston B 
which fits the cylinder, air-tight. (See Fig. 18.) The 
cylinder moves in the slides by the action of the con- 
necting-rod D, driven by the wrist pin in the face plate 
E by belting, in the usual manner. The cylinder is air- 
tight at each end ; there are two small holes F in the cylinder, 
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tihrough which the air passes freely in and ont, which supplies 
any leakage, and prevents a vacuum behind the piston as it 
passes beyond the air-ports either way. 

The j>i8ton,jpi8toh-rody and hammer are enti/rdy imdejpendent 
of the cylinder, and can be moved up and down witliout rruyomg 
the cylinder; when the cylinder is moved either way, the piston 
passes the air-ports F, confining the air in either end of the 
cylinder, which prevents the heads striking the piston, and acts 
as a spring, lifting the hammer up or accelerating its downward 
movement. The cylinder has a definite motion, governed by the 
travel of the crank, but the hajnmer has more lift, according to 
the compression of the air. 

If the cylinder is moved up and down slowly, there is no blow 
given, as the weight of the hanimer hangs on the cushion of 
air, under ihejpiaton^ in the bottom of the cylinder. If the cyl- 
inder is moved up quickly, the air under the piston lifts the pis- 
ton and hammer as quickly to the highest point the crank will 
allow the cylinder to go ; then, the momentum the hammer has 
acquired, causes the hammer to go higher, which pushes the 
piston up in the cylinder and compresses the air in the upper 
portion, which acts as a spring to accelerate the downward mo- 
tion of the hammer. 

In addition to the weight of the hammer, and the reaction of 
the upper air spring upon the piston, the upper head of the cyl- 
inder as it comes down drives the piston and hammer down with 
the same rapidity with which it was raised ; thus, by a rapid 
reciprocating motion of the cylinder, quick and sharp blows 
are given. 

The blow is according to the speed at which the hammer is 
run, for when running at high speed the upper air spring is more 
compressed. 

The speed is regulated by the idler pulley operated by the 
treadle. But if it is wished to run rapidly and lightly, raise the 
cylinder by lengthening the rod by the double nut on it, which 
allows the lower air-cushion to take the bulk of the blow. The 
hammer, after being driven down, is instantly picked up by the 
ascending air-cushion, without any shock or jar ; and so long as 
the packings are tight, it can be run for years with little wear. 
Qliese packings are as simple as a pump-packing, durable and 
easily renewed. 
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O— SURFACE SUPPORTERS, 
a — ^Plane Supporters. 
FTwmes. 

55. Frames are those general supporting members of ma» 
chines which, according to the nsnal meaning of the term, en« 
close certain open areas, one or more. They are also the more 
immediate supports of moving pieces, whose centres or j>aths 
of motion ikey hold m fa^ relative positions. 

So various are the forms and uses of machines, and so depen- 
dent is tlie form of the frame, in each separate case, upon the 
intended use of the machine, that it may not be possible to pre- 
sent a complete or well-defined classification of frames. 

Still, the mind may be guided, in ranging through multiplied 
examples of frames, by the following view of the more conspi- 
cuous varieties of familiar or novel designs. 

Frames, then, are 

Bea/m fra/mes; as in the general frames of locomotives, car 
trucks, etc. 

Webbed; when thin, and embracing many regular and irreg- 
ular openings. Webbed frames appear in the two principal 
forms of plane, as in the end frames of spinning machines ; 
and dosed, as in case of some upright engines, whose vertical 
prismatic, or more commonly pyramidal frames, consist of 
perforated plates joined at the comers to form a frustum of a 
hollow pyramid, ixpon and within which the working parts are 
supported. 

TrurJc f ramies ; as that of a Corliss' upright engine, which 
is a frustum of a cone with a circular or oval base, as may be 
most convenient, and whose convex surface is continuous, except 
as broken by one or more large openings, to allow access to 
tlie interior. 

Jointed ; as those of many beam engines, and vertical direct- 
acting engines. The columns found in such frames are some- 
times inclined, forming an open pyramidal frame. Jointed 
frames are also sometimes composed in part of rods united by 
joints, as in the frame of Wheeler's "tumbling beam" engine, etc. 

ConsolAdoited ; where, for the greatest rigidity, and security 
from displacement by shocks, the local and general supporters, 
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and other iixed parts, are, as far as possible, consolidated into 
one piece, as in Reynolds' three-cylinder engine for reversing 
at full speed under full steam. The same idea is also illustra- 
ted in those steam hammers in which the steam cylinder and 
frame are one piece, and in the Corliss, and the Balcock and 
Wilcox horizontal engines. 

In the atvdy offrameSy the principal things to be sought 
are, first, the combination of lightness with strength; second, 
easy access to all the attached working parts ; third, whatever 
grace of outline can be had ; fourth, and as a means thereto, 
the solution of the numerous problems of tangent curved and 
straight lyies which occur in designing open frames. 

In illustrating a few specimens only of the above descriptive 
list of frames, which is all that seems to be necessary, we have 
taken examples differing from each other as much as possible, 
and presenting, otherwise, useful exercises for practice. 



EXAMPLK XIV. 

Locomoti/ve Frames. 

General Principles. — In the construction of the modem 
American locomotive, the objects sought are unity and firmness 
in the assemblage of principal parts, and ready self-adjust- 
ment, with durability, in the running pai-ts. 

To secure the first object, the boiler, with its enclosed fire- 
box; the fi*ame, and the heavy castings which embrace the 
cylinders, ai*e all strongly imited so as to act substantially as one 
piece. 

To secure the requisite flexibility, with steadiness, the springs 
over the two driving axles are linked to a balance beam, the 
flange on the forward driving wheel is omitted, and the front 
end of the engine is supported at points on the transverse centre 
line of the truck, whose wheels are far apart, so that a slight 
vertical displacement of any of them occasions but a slight 
movement of the central points of support. 

Tlie frames are of wrought iron, in a few heavy f orgings, and 
*re next to the inner sides of the driving wheels. 

The figures 2, 3, and 4 on PI. VI. show two different stylei 
of frame. 
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De80fiption. — ^Pl. VI., Pig. 2, shows the essential pai'ts of tho 
frame of locomotive 21, on the Boston, Hartford, and Erie E 
R. ; now (1868) nearly new. 

GQ — G'G' is the main portion, and is solid with the jaws, 
EE, which embrace the axles, K, and the axle boxes not shown. 

The portion at od is reduced to the tliickness shown at e in 
the plan, HH — 1EL13l\ the forward section of the frame, is 
fastened to the rear section GG' at e — od and to the forward 
jaw E by bolts, as shown. The stirrups, FF, are bolted to the 
frame by four bolts each. The lugs, LL, mark the points of at- 
tachment of the cylinder to the frame. 

The plain portions of the frame are broken out, that the more 
important parts may be shown on a larger scale. 

Figs. 3 and 4 show a slightly different style of frame, and 
also one of the adjusting wedges, not shown in Fig. 2, showing 
the manner of setting the axle boxes, so as to secure the correct 
distance between the axles of the two driving wheels, on the 
same side of the engine. 

In this frame, the stirrups are all alike, with horizontal bear- 
ings, and each is held by two bolts. 

The inner sides, as aOy of the jaws, converge upwards, as seen 
in both frames. 

One of Uie adjusting wedges is separately shown in Fig. 4. 
Its flanges /la — h^a\ and ^, clasp the jaw E, its interior width 
being seen to be the same as the thickness of the frame. The 
surface ac beai*s against the jaw, and the vertical surface, ed, 
against the axle box. By tho nuts, N,N', the wedge is raised and 
lowered. When raised its ascent along the taper of the jaw 
crowds the axle box to the right, or forward. D is a clamp 
screw, which holds the wedge tight against the box. A simihu" 
one, bearing against the opposite wedge, not shown, each acts as 
a check nut to the other. 

The action of a check or jam nut is tlitis explained : When a 
single nut, as N, is screwed up to its bearing, any jar which 
turns it free from the bearing leaves it loose on the screw, and 
liable to work off. But when a second nut, N', on the same 
screw is brought home, each clamps the other to the thre-ads of 
\Jie Bcrew^ as well as to the bearing, so that neither is so apt to 
get loose. 

The nuts may bear directly against each other as well as oo 
opposite sides of an intervening piece S, as in Fig. 8. 
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The bolt heads in the main joint MM' are conntersnnk, that 
is, let into the iron, nearly their whole depth. 

In the West Albany Machine Shops of the N. T. Central 
K. Ry where the data for Fig. 3 and several other examples 
were obtained, locomotive bnilding, as well as repair, is carried 
on to snch an extent that an admirable nnif ormi^ of like parts 
in all engines of the same class now bnilt there, has been secured 
by means of a system of steel gauges for internal and external 
turned work, and of nuts and bdlts for all parts of an engine. 

Construction. — ^From the full measurements given, either or 
both of these frames can now be drawn without further ex- 
planation ; simply observing that always, where a large number 
of equal bolts are used, it is sufficient to show one or two of 
them and indicate the positions of the rest by their centre lines, 
as shown in figures 2 and 3. 

PL YII., Fig. 6, gives a sketch, merely, with measurements of 
a web-frame for the support of a lathe bed. It affords very good 
practice in compound curves, suitable centres for which can be 
adjusted to the given measurements, by the student 



b — Developable Supporters. 
Beds. 

66. Bed plates, or, simply, beds, are the general supporters oi 
engines and other heavy machines, consisting of several parts 
resting on a common foundation. 

They are usually of cast iron and made in one piece, or in 
sections, firmly bolted together, according to their size. They 
rest immediately upon the masonry foundation beneath them ; 
and, being in one piece, accord with the important structural 
principle of contin/uotcs bearings^ for what they serve to sup- 
port 

Bed plates may be described, as to their varieties, as Jlat bed 
plates, when consisting simply of a flat plate on which the sup- 
porting frame-work of an engine rests ; box bed plates ; open, 
when consisting of four sides in one piece surrounding an in- 
terior space, open at top and bottom, as seen in many horizontal 
engines. These bed plates are, moreover, usually symmetrically 
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divided by a vertical plane through the axis of the cylinder 
See Fig. 19. 




Fl«. 19l 

There are also covered box beds, that is like the last, only closed 
on top, narrow, and hanng the guide, cylinder, etc., bolted to 
them on one side ; as in K. T. Green's horizontal engines ; and 
tcmk bedSj which are hollow and answer for other purposes than 
that of mere support. Among these we distinguish, marine en- 
gine tank or hollow bed plates — see PL VIII. — and pier tank beds 
which are quite massive, and proportioned with such breadtli of 
base as to preclude the necessity in many cases of a separate 
masonry foundation. These are used more for portable hori- 
zontal engines, though a very common practice is to make the 
boiler strong enough to serve also as a bed for such engines. 



Example XV. 

A Prismatic Becumrhed and Pedestal. 

Descrvption, — PI. VII., Figs. 1-5. This beam-bed is from a 
Babcock & Wilcox horizontal engine of 10'' bore and 30" stroke 
of piston. It is shown in elevation, and three vertical sections, 
at AB, CD, and EF. The two sections at CD and EF aixj 
taken looking towards the cyUnder, and show all m and beyoml 
their planes. 

By pointing out the diflFerent projections of numerous points, 
and by comparison of measurements, and distances with the 
dividers, the student will be able to apprehend the form of tliia 
somewhat irregular, but veiy neat and substantial frame or bed. 
The entire frame, or engine support, embi-aces the standard 
pillow-block or pedestal, MP, the bed-piece, HH, and the 
cylinder with its pedestal, not shown, which are all bolted 
together, as at gg and r/un^ so as to act as one piece. 
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In the bed-piece, on all the figures, L is its vertical web, KK 
its ribbed lateral wings, on the back, and GG those on the 
front, which are shaped to act as guides. I,B, is the back 
cylinder head, and the parts within IHH', form the stuffing- 
box. The inner circle, c^cfi^ is that around the piston-rod, and 
d^ e^ and y^ are circles of the cylinder-head, as seen by comparing 
Figs. 1, 4, and 5. m^mffa^rrij are some of the bolt-holes through 
which the bed is bolted to the cylinder-shell. Q is the back 
end of the steam-chest, and A the collar around the yalve-stem. 
The hollow square guide h and parts adjacent, Fig. 4, are for 
the support of some of the moving parts. The disappearance 
of edges into a plane surface is shown, as at t^t. 

The ribs, K,K, are partly shown, dotted, in Fig. 1. The long 
curves of the bed and pillow-block are constructed by ordinates ; 
and in part by circular arcs, as shown. 

The pillow-block, MP, Figs. 1 and 2, may, as said before in 
Ex. III., be drawn separately ; and on a scale of one-«irfA, one- 
jiftk^ or one-fov/rih. It is largely hollow, as indicated by the 
dotted lines, neict to the outer ones. 88 is the diameter of the 
shaft Only the larger measurements are given. The rest can 
be found from the scale. The boxes are adjtistable laterally, as 
is proper in all blocks for horizontal engines, by set-screws and 
jamb-nut, as at j?, q. N and O are moulded edges. 

A plan may be substituted for Fig. 2, or a vertical cross 
section through its centre. 

Figs. 1 and 2 should stand on the same line, so as to favor the 
projecting of points from one to the other. 

Construction. — ^As in all such cases, lay out the longer and 
outer lines first, and fill in the smaller parts afterwards. The 
pi-oper heavy lines are nearly, if not all, indicated by two dashes 
across them. 



D— VOLUME SUPPORTERS. 

EXAMPLB XVL 

A Tamk Bedrplate. 

Desoription, — ^This example, PI. VIII., is an excellent one, 
representing the bed-plate for a beam-engine, as built by the 
Novelty Iron Works of New York for the Pacific Mail Steam- 
4 
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eliip Co.'b steamers, of the class haviDg cylinders of 105'' di 
ameter and 12 stroke of piston. 

Fig. 1 is a plan of the bed-plate. Fig. 2 shows a longitudi 
nal section made by the vertical plane MN. Fig. 8 shows a 
transverse section made by the vertical plane FQ. Fig. 4 is a 
fragment of an elevation, as seen in looking into the opening at 
BB'. 

Over the chamber EE', on the surface 000— O'C— C'C— 
0'^' — see the several figures — ^the condenser, square in plan and 
fastened by bolts through W, etc., is set. Over the condenser 
is the steam cylinder, which is vertical. The condenser here 
supposed is of the kind called surface-condensers, Ex. XII., con- 
sisting of a tight central chamber over E«, through which many 
tubes pass, Jrom a side-chamber over DD — d\ to an opposite 
side-chamber over 11,1'. Water is delivered to the condenser 
from a steam-pump, through the passages DD — ^D'D' — ^D"D", 
which begin at BB" — B' — ^B'". These passages lead over the 
arch, ff^ Fig. 3, which is at DD in the bed-plate, and the water 
enters, through DD — d\ the side-chamber over that opening. 

Exhaust-steam from the cylinder, entering the condenser, is 
liquefied by contact with the multitude of cold tubes which tra- 
verse its central chamber, and the water of condensation flows 
to the right-hand part, KK', of the hollow bed, where it is 
removed by the air-pump, which also maintains the vacuum in 
the condenser. 

The air-pump stands at AA— A'A'— A''A"— A'''. Valves 
at FF — F', called the foot valves, prevent the re-flow of air and 
water to the condenser, when the air-pump bucket or piston 
descends. FF — O'G' are openings to give access to the foot- 
valves, and are covered by a bonnet H is the opening for 
a pipe leading from the bilge to the condenser, and used in case 
the vessel springs aleak. The vacuum in the condenser causes 
water to flow into it from the bilge, which is then removed 
by the air-pump, mm' is a manhole for entrance to the bed- 
plate. 

The surfaces to which the word "faced" is attached are 
planed, to secure accurate bearings and tight joints. 

Construction, — ^The plan being entirely symmetrical, except 
the difference between the holes, rwm! and H, it would be 
sufiJcient to draw just enough more than half of it to include 
both of those openings. 
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The completeness of the measurements, and the repetition of 
many of them, will aid in understanding the fon^going de- 
scription ; and as no directions, besides those already given in 
previous problems, are necessary, the drawing is here left to the 
student, with the correct location of the heavy lines on Figs. 
1 and 2, as a study. These lines can generally be found by 
inspection, by careful attention to the principles of (47). 



"RTATtfPT.TB X VTT, 

Sbiumg or ChamJbered Frame for a Bever9ible BoUi/ng 

Mill Engme. 

Description, — ^Pls. IX., X., and XI. [Let Plate X. be cut 
out and pasted at the top edge to Plate IX., so that their centre 
lines AB and AB shall coincide in direction. Then paste 
Plate XI. to the right hand of Plates IX. and X., so that the 
lines CD shall be in the same horizontal direction. The three 
projections will thus, if it be desired, be brought into proper, 
relative position for reference.] This remarkable design is 
from an engine designed by G. H. Reynolds, of New York, 
in 1866, for a steel rolling mill at Troy, N. Y. 

A very similar arrangement is described^ as an English 
mvention patented by a Mr. M^Naught, viz., three radially 
equidistant cylinders, fixed in a common frame, with the 
connecting rods jointed to a common crank pin, and the valves 
worked by one eccentric. 
The rolls of a rolling mill usually consist, as described in 

the next example, of three lines 
of horizontal cylinders, one above 
another, and with circular 
grooves around them, shaped to 
the section of the bar to be 
rolled. If, then, a piece shoot 
through between the upper rolls 
as shown at a, Fig. 20, one rolled 
^^^ *• through the lower rolls will re- 

turn as at }, from the workman at B, to the one at A. This is re- 

* Imp. Gya Machinexy. 
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peated, through the different approximately shaped pairs of 
grooves which lie together along the same rolls, until the final 
form is given to the manufactured bar. 

To accomplish this alternate passage of the bar with only 
two rolls, their motion must be reversed every time the bar 
passes them. 

The rolls revolve very rapidly; they require an immense 
power to actuate them when numerous ; and to save time, loss 
of which would fatally cool the bar, they must be reversed 
instantly. To fulfil these cardinal conditions by direct action, 
that is, without gaining the necessary speed by gearing from the 
engine shaft, is the object of the novel engine here partly 
illustrated. 

This engine was to be of 3,000 horse power, to make some 
300 revolutions per minute, and to be instantly reversible at 
that speed, with steam on, many times per minute. One of the 
lines of rolls was to be on the same shaft, S, PL XI., with 
the engines, and would be geared to the other. 

To secure this high shaft^dociiy^ without excessive piston 
speed, the cylinders, of which there were to be three, placed 
, 120° apart, as shown on Pis. IX. and X., were to be of three 
feet diameter, and only one foot stroke. To secure the great 
power required for many rolls, without cylinders too large for 
the required velocity, there were to be, as stated, three cylinders, 
of which one was to be vertical This arrangement, also, would 
apply the power more equally to the shaft, and with never but 
one " dead point " at a time. Finally, to provide against the 
great strain, and dislocation of pwrtSj arising from the many 
quick reversals, the three cylinders and the frame, enclosing 
all the steam passages, were to be in one huge casting. 

PI. IX., Fig. 1, shows the plan of the engine, with a partial 
section of the vertical steam-chest, 00, and slide-valve, DD. 
Here EEE is the branching steam-pipe, and F,F,F are the verti- 
cal central planes of the three cylinders, placed far enough 
apart, laterally, to allow their respective connecting rods to act 
side by side on the same long crank pin, P, PI. XI. QA is th 
top cover of the vertical cylinder. L, O, and L' are the throe 
steam-chests, and the oblique cylinders are shown in dotted 
lines. Steam enters through the pipe, E,E, and distributes 
itself, as shown by the arrows, through the general steam-pas- 
sage, T, to the three cylinderR. Escaping through whi<hevor 
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Bteam-port is at the moment under the valve, it flows, as at D, 
into the exhaust passage, K. The cylinders are tiius steam- 
jacketed, both by the live and exhaust steam. 

PL X. shows the front elevation. CD is the sole of the 
frame, which is of cast-iron, whole. Its upper part, FGB, is 
not exactly of uniform radial width, its three outer semicircles 
being described from a centre, O', 2 ins. below the principal 
centre, O. The three cylinders are shown in dotted lines, with 
their steam and exhaust ports. E and E, at the upper cylinder, 
are sections of the steam passages, where they enter the steam- 
chest, at O, Fl. IX. KK, at the same place, are sections of the 
exhaust passages, as at Kk^ PI. IX. The arrows will make the 
course of the steam intelligible. H is a three-armed brace, 
solid with ah^ and alternating with the centre lines of the 
three cylinders. O is the shaft ; 6, Babbit metal lining to the 
boxes, d ; and cd are adjusting keys; g/ is a wrought-iron 
ring, carrying the guides to the piston cross-heads, whose outer 
ends are bolted to ears, B. 

The pilasters, I, are fluted in the original design, and can 
easily be made so by the draf tsman« Also, the small panels 
of the upper part were finished, as at m, with bevelled edges and 
round comers. 

PI. XI., Fig 1, shows in part a vertical transverse section 
through the axis of the upper cylinder; and below an interior 
view, with the end outer wall of the frame, between D ai^d G, 
PI. X., broken away. Thus the interior of the cylinder, V, is 
shown. M are holding-down bolts passing through masonry. 
K is the exhaust pipe ; L and \J the oblique steam-chests, 
shown before, and O the veiiical one, shown in section. The 
spherical piston, B, being at the top of its stroke, steam is just 
entering from O, through the port, j?', and escaping from below 
the piston, through <^ and K. QA is the cylinder-head, moulded 
to conform to the piston and the nut that secures the piston-rod. 
The shaded portion, at jj[/^ is a section of one of the two wrought- 
iron rings which carry the guides, n. 

The main shaft, S, is cranked, as shown at each end of the 
long crank pin, P, to the middle of which the connecting-rod 
of the upper cylinder is attached. 

OonstrucUon. — ^As the plan is only partially symmetrical with 
respect to its two centre lines, the only considerable reduction 
V^hich can be made in the drawing is, to make but half of the 
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elevation, PL X. By exercising great care, these plates ma) be 
made on a scale of ^ of an inch to an inch ; or of half an 
inch to a foot Only the more important measurements are re- 
corded. The rest may be determined nearly enough from tlie 
given scale. 

Example XVIIL 

Housing for a RoGmg MUL 

Description. — ^PL XIL — ^This example presents some fine 
features, both of construction, and for practice in execution. 

It was reduced from designs by Mr. John Fritz, of Beth- 
lehem, Pa., for the mill for rolling Bessemer steel, at Troy, N. 
T. The whole is in one piece from H to I'. It is here diown 
in plan, two elevations, and a horizontal section of the imif orm 
column. 

The elevations have each a vertical centre line, and the plan 
has two. From these lines many of the measurements can be 
laid off. 

Several housings or frames, like this one, are ranged in ver- 
tical positions, parallel to each other, and supported on cast-iron 
ways, 'W,'Vy','W", to which they are bolted by four bolts, shown 
as at mm\ These ways are bolted through oak timbers, 20'' 
wide by 18'' deep, to masonry, on which, in turn, they rest. 

The face of the upper part of the housing, from aa' to ib\ 
consists, as shown in the plan, of three vertical cylindrical seg- 
ments, tangent to each otber, and to the plane portions exterior 
to aa' and bb\ 

The largest of the several mouldings on the outside of the 
housing is cylindrical from o to d\d^\ and double curved above 
d\d'\ and also of increasing width above ^, and, therefore, less 
sharply rounded, as its thickness, seen in front elevation, is 
constant 

The several circles, having O for their centre, are the vertical 
projections of circles, or of cylindrical surfaces, whose axes are 
perpendicular to the vertical plane at O. 

The recesses at &[/^, seen in the section at C, admit the long 
bolts, DD. These bolts are attached, as at D, to levers, sus- 
pended as at E, and from whose inner ends, as F, depends by 
links the pile of weights, G, which contains two cubic feet of 
Iron, 
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This arrangement is for use in plate mills, where two rolls 
are used. The bearing of the upper roll, being clamped to the 
bolts D, would be drawn up strongly with the x pper roll, against 
the "top rider" or covering of the bearing, over the roll. 
This cover is, in any case, held down by powerful screws work- 
ing through the aperture 1,1'. As, then, this screw bears down 
on the rider and thence on the roll, it acts to depress the bolts 
D and raise G. 

In the rolling of rails, etc., three rolls are used, and their 
bearings are confined and their separation adjusted within the 
recesses B and R. Owing to the immense strain to which the 
rolls are subjected, which can best be realized by observing how 
they are sometimes broken in two in spite of their great size, 
some yielding point must be provided which should prevent the 
breaking of the rolls by being a little weaker than they. There- 
fore, a piece, called a break piece, is inserted between the point 
of the screw which works through 1,1', and the top rider or 
upper bearing of the upper roll. 

The wings, as K,K', support rollers which aid in handling 
the bars to be rolled. The apertures, as A, enclose the bearings 
of similar rollers used in passing the bars through the upper 
rolls. 

Long rods pass through the holes at n,n',n", to couple the 
several housings together. 

Construction. — ^The scale of PL XII. is -^^ Besides the fa* 
miliar directions to draw as much as possible from the centre 
lines, and to lay down first the main outlines, and then the 
smaller parts, the main features in tlie construction of this 
housing are the nice union of its numerous and crowded 
tangent arcs, and the construction of the curves as at Jgp. 

To secure the first point, the pencilling should be constructed 
in the finest lines, with the utmost care, and without wearing 
holes at the centres of the groups of concentric arcs ; and then 
they should be followed with the utmost exactness by the pen. 

The scale of one-sixteenth or three-fourths of an inch to a 
foot is a very small one for such an object as is here described. 
Except as a test example for fine drawing, it might better bo 
made on a double plate to a scale of one-eighth. 

The construction of the curves at ^ is an easy application 
of the problem of two intersecting right cyL'nders, as will next 
bo explained. (See Fig. 2.) 
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Let AOD be the horizontal projection of the segments, 
AC and CD, of two vertical cylinders — ^analogous to MN and 
NJ, in the plan, Fig. 1 — tangent to each other along a vertical 
element at C. A^'D'^D' is the vertical projection of the same 
surface. EFD — E'F' is a cylinder whose axis, EO — O', is 
perpendicular to the vertical plane, and which answers to a 
cylindrical surface having qt'q^ Fig. 1, for its vertical pro- 
jection. ACD and E'C'F' are thus two projections of the in- 
tersection of these horizontal and vertical cylinders. To find 
the projection B"C"F'', answering to the curves at Wp in 
the end view, Fig. 1, take the auxiliary vertical plane, PQP', 
perpendicular to the ground line, then any point, as CC, being 
projected upon it as at oc\ may be revolved in the arc 
cd'—oVr to Q". 

In like manner, to find any points as o''o*' in Fig. 1, assume 
0^0^ in the plan, project them upon the vertical projection of 
the same curves at o\ project them across to the end elevation, 
and there make the points o" equidistant from the centre line 
cd'\ by the distances of the same points o in the plan, from the 
centre line *nd of the plan. 

In the plate this construction is not followed, as is evident 
upon inspection, since it would be very difficult to draw properly 
so many parallel irregular curves. Besides, it is fortunately un- 
necessary, for the true width of the housing, at any point, is 
learned from the plan, and the height at which any given width 
occurs is found from the front elevation. These curves are there- 
fore drawn in compound circular arcs, as shown, only the ex- 
treme points, as J? and ^, being correct 

Example ^TTT^ 
A Passenger Ca/r Truck. 

Description. — ^Pl. XIII,, Figs. 1 — 4, represents a four-wheeled 
passenger car truck from the Pennsylvania R. R. As the de- 
scription of it proceeds, it will be seen to be very complete and 
well designed, with abundant provisions for safety under all cir- 
cumstances. 

Premising that the same letters refer to like parts on all the 
figures, they will not here be repeated from all the figures for 
e^ery part. 
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Fig. 1 is a partial plan. The right-hand half of Fig. 2 is a 
Bide elevation, and the left-hand half a longitudinal section 
through the centre. Fig. 3 is half of an end view, and Fig. 4 is 
a cross section showing the parts between the wheels. 

AA' is the outer side beam, and B' the opposite one. CC is 
an inner side beam. DD'D" is the end transverse beam. EETE" 
is the swinging bar, carrying the brake shoes "W,WW, which 
are held from the wheels by the springs UU^ F,F'F''' is one 
of two fixed transverse beams, framed into A A^, and bolted 
through CO'. GG'G"G''' is the swinging beam, resting, by 
the block «',«'' V", on the springs JJ'J"', which bear upon the 
stirrup board H'H'^', which is suspended by the short diverging 
links S'S',S"' from the hangers E,E',E'''. These hangers are 
bolted to the cross beams FF. 

W" is the equalizing bar, resting on the axle boxes M,M',M'', 
which play up and down in the guides JAJJJ'. Between I' and 
A' are two rubber springs K',K''', kept in place by a coyer f'f' 
and step g^g^^\ notched over the equalizing bar, as at V^\ 

NN'' are the wheels, ribbed on the back, and whose axles, 
00', rest in the boxes MM'. PPT'' is the centre bearing, and 
TT'' is one of the two opposite side bearings for the car body. 
Q,Q' is a block, which supports the iron plate PP'. VV'V" is 
a safety stirrup for catching the brake bar, EE', in case of its 
breaking loose; X'X" is a similar stirrup for holding up the axle 
in case it should break. . It often consists of a simple bow of 
iron suspended as at <?' and j!?', but owing to the weight of the axle, 
it is here strengthened by the pillar bolts rY. YT' is a guard 
strap, to keep the beam GG' from being thrust up by any con- 
cussion, hlhl'h'^' is another stirrup for catching the swing board, 
H'H'", in case of accident TJITJ' is part of the brake gear. 
Being drawn, as at d^ by a chain from the brake stem on the 
car platform, it obviously tends to move the joints 6 and t as 
shown, and to draw the brake shoes WyW against the wheels. 

a^a'a'" are supports for the springs J J', c^d is a saddle plate 
under which the truss rod JS" passes. Tck! is the king bolt which 
holds the car body in place on the truck. 

Ideal Conditions and JSesuU. — ^If the plane of the upper sur- 
face of the rails of a railroad were a perfect and perfectly un- 
yielding one, true as the ways of a lathe bed, if the track were 
perfectly straight^ and if iJie cirotUarity and equality of ths 
wheels were perfect, the motion of every point of a car would be 
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one of perfect translation, and would be as easy with no 6pring8| 
or yielding parts of any kind in the running gear, as with them. 

Acttud Conditions. — ^None of the above conditions perfectly 
exist. The actual variations from perfect circularity and equali- 
ty in the wheels are, however, insensible, compared with the de- 
fects in the other respects, and may be neglected. But the track, 
taking the centre line of each rail for reference, exhibits both 
vertical and lateral variations from a straight line. The former 
may, further, be simultaneous in the two rails, as in the depres- 
sion at the joints of tracks whose joints fall on the same cross 
ties, and may be equally or unequally so ; or they maybe alter- 
nate, as in case of tracks, often seen at present, in which the 
joints fall on different ties, half the length of the rail apart. 

Lateral de^dations may also be simultaneous or irregular, 
equal or unequal ; and in both kinds of variations there may or 
may not be, though there generally is, a return to the line departed 
from. Finally, owing to these irregularities, the surface deter- 
mined by the tops of the rails is neither a perfect nor an un- 
yielding plane. 

General Idea of RoUmg Oear, — This is, to secure in all the 
yielding points of the truck easy and brief oscillations about 
mean points, so that for a given vertical and lateral unevenness 
of track, every point of the line of support, T'T'', and hence the 
car body, shall move as nearly as possible with as pure motion of 
translation, when the track is straight, .as it would do under the 
ideal conditions above stated. 

. Normal Condition of Sprvngs, — ^Let a sixty-seat car be loaded 
with fifty people, for example, for a given journey, and be stand- 
ing still. All the springs will then be compressed with what we 
will call their normal compression for that time. This degree 
of compression would remain constant under the ideal conditionfi 
already mentioned. 

Action under Actual Conditions. — ^The car body rests on the 
iwing beam GG'Q", at the three points, P'', and the two of 
which T" is one. This beam rests on the springs, J, on both 
Bides of the truck ; and there, on the swing board, H^''', which 
bangs by the links, S', and hangers, R', from the cross bars, 
FF, of the rigid frame of the truck. This frame rests on the 
ft »ur rubber springs, of which K' is one ; these upon the equaliz- 
ing bars as I', and these, finally, on the axle boxes, MM', which 
bear upon the tops of the axles 00'. The last are a final rigid 
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support, being practically solid with the wheels which roll upon 
the track. 

]!i^ow let quy Fig. 2, be the top of a rail depressed at the joint 
q by the distance nrnj exaggerated for illustration. When a 
train is at full speed, the point at n of the wheel is going hori- 
zontally, at from 40 to 70 feet per second. Hence the rise, ^n/tiy 
is practically instantaneous, and nearly the same as if the wheel 
were thrust up the same distance by the impact of a Yiolent 
blow from below. Then, when n' thus instantly rises, a small 
distance ; M', and the end of the bar I', rise the same distance, 
which compi*e68es the spring K'. Now, if the force and quick- 
ness of the rise are no more than enough to compress the spring, 
the truck frame, AA', Ac, will be undisturbed ; but if the up- 
ward action be not all taken up by the spring, tiie truck frame 
will be raised by the excess of tiiat action, and will, throu^i 
RR' and S', draw up the swing-board H'H'^', and compress the 
steel springs JJ^ If, also, this excess of upward action be not 
all spent on the springs JJ', the swing-beam, GG', and the car 
body will be raised a little. 

We now see that with no springs the car body would sensibly 
be raised as far and as suddenly as the wheel at n\ But witli 
springs, if lifted at all, the motion will be comparatively easy 
and gradual, through the gradual action of the springs, in their 
compression and expansion, till again in equilibrium. 

Let us now consider the effect of lateral shocks. A sidewise 
lurch of the truck to the left, for example, will carry all its 
rigid parts, A'''R'''F'^ etc.. Fig. 4, to the left This wUl carry the 
points of suspension, Uy of the links to the left, which will make 
the left-hand link more vertical, and the link S'^^ more oblique 
than now. Equilibrium will thus be destroyed ; and the links, 
in coming to equilibrium by returning to an equal inclination 
to a vertical direction, will carry H"', and with it the springs 
J''', and the swing-beam G'^', and car body. 

Trucks are very often made with the top of G''' no higher 
than the top of F^'^, and with the links S'^' then swung from an 
axis resting on top of FF,F'F''', and reaching from that to o'". 
In such a case, the links are usually vertical, also ; so that the oa- 
cillations would be slower, by reason of the length of the links, 
but longer, owing to the less upward component of motion in 
an arc of longer radius. The shortness and eon/oergenoe up- 
wards of the links in the present design would, we shdald 
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think, make the truck quite stiff, though properly so, in respect 
to lateral oscillation ; and not too much so for a smooth and 
firm track. 

This descriptive statement of the theory of the four-wheeled 
car-truck is all that could well be given, for there could hardly 
be a clearer example of a piece of mechanism whose proportions 
must be determined experimentally, since the numberless varia- 
tions in the intensity and direction of the forces applied would 
seem to make a mathematical, that is, an exact qucmtitatioe 
investigation impossible. 

Six (md Eighlrwheded TnickB, — The idea of both is the same^ 
viz. : to secure a perfect rectilinear motion to the car-body, by 
having all the irregular wheel-motions occasioned by the track 
taken up within the truck itself. In the eight-wheeled truck a 
heavy intermediate timber frame, or carriage, rests on two com- 
mon trucks, and the car-body on the middle transverse line of 
this carriage, where there is almost no jarring motion. In the 
six- wheeled truck the same end is not quite so fully accomplish- 
ed, since there is one rigid frame as in the four-wheeled truck, 
and the intermediate carriage is shorter; but there are two 
Bwing-beams, one on each side of the middle pair of wheels, 
and a small carriage-frame rests on the two beams, while the 
car-body rests, as before, on the transverse centre line of this 
carriage. 

In respect to these trucks, it may be said that, though a per- 
fect track costs a good deal, yet the difference between that of 
a smooth and a rough one may be smaUj as compared wiih the 
cost ofeitheTy and the extra cost of compound trucks, at first, 
and for repairs, and of the extra motive power required to 
transport them, might go far to cover this difference. 

Car Orossseotiona, — ^While on this subject, it seems appro- 
priate, from association, to mention two great points of car- 
moving economy, one of which seems to be more and more 
overlooked. Tliese are, the steadily increasing size of the 
cross-section of the car, and the distance between the cars. A 
part of the needless extravagance of the times is the indiscrimi- 
nate carrying of the luxury of high rooms to Uve in, into 
vehicles to travel in, as if travelling about were the normal 
condition of one's life ; and forgetting the needless and great 
waste of means in dragging 100 square feet of car end, includ- 
ing truck surface, at 40 miles an hour through the air, when 70 
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woxxld do jnst as well, and afford every essential comfort Side- 
doors opening rmtward are dangerous ; in one way if locked, 
and in another, if unlocked. If opening imoard they waste room. 
Hence, end-doors and the centre-aisle seem best, as well as 
hardly to be dispensed with, as affording the comfort of a free 
inside passage through the train. But, observing that perhaps 
more travel singly or in threes than in pairs, cars might be bet- 
ter filled, as well as economically narrowed, by having a row of 
single seats on one side of the aisle. Then, as to height of car, 
who has not felt cold feet while the thermometer would be at 
100° to 110°, at the ceiling of a car 7i or 8 feet high ? Let the 
car be heated by water-pipes at the passengers' feet, and com- 
ing from heaters under, or in open-screened compartments in 
the end of the car ; and, vdth suitably screened ventilators, 6^ 
feet would be high enough for a car inside. Thus, the cross- 
section of the car-body might be reduced to only about 60 
square feet ; which is a great matter, when it is considered that 
the resistance of the atmosphere exceeds the sum of all other 
resistances on a level, at speeds of 30 miles an hour or more ; 
and that it increases at least as the square of the Telocity of the 
train, so as to \}efour times as great for tvoice the velocity. 

Again, when the space between the cars is equal to the width 
of the car or more, the resistance of the atmosphere to each car 
after the first one, is from seven-tenths to nearly as great as 
it is to the first one. Hence, the platforms should be enclosed 
by painted canvas, or by permanent walls, with end and side 
doors, the latter to be opened just before arriving at stations by 
the train operatives. The car ends, having also suitably adapt- 
ed couplings, might be thus not more than one foot apart in- 
stead of eight or ten as now, and with great economy of power. 

The sums saved by these arrangements being spent upon the 
track, fencing and flagmen, the increased smoothness and safety, 
together with the diminished trainnsurf ace exposed to air-resist- 
ance, would allow increase of speed without increase of cost 
over present results ; and this, by saving tvmej would be real 
economy, inasmuch as trains and travellers are not prod^uoera. 

Reduction of Car Weight. — ^Once more, we must mention the 
enormous dead weight of train, including the engine, for each 
passenger, even of a fully filled train. This weight is not far 
from 1,500 pounds per passenger. To materially reduce this 
most power-wasting excess, it may be best to return to an 
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essential feature of Nature's works ; siiice the more truly thej 
are imitated in man's constructions, the more perfect the lattci 
will be. This feature, or principle, is, that Nature's great con- 
structions are aggregations of many small ones, in the form of 
minute cells. 

In other words : com^ponent pwrU ahovld he small amd hol- 
low. Applying this principle to a car, its frame might well be 
composed of sheet-iron cell-work, prismatic or cylindrical. 
Applying it to the train as a whole, the superior strength of a 
small cell, to a large one with equally thick walls, would point 
to the adoption of small light cars, or of numerously partitioned 
large ones. 

As the enormous dead weight of a train is bodily lifted 
through the vertical height of every gradient on the line tra- 
versed by it, while friction is the only car resistance, on a level, 
it may well repay railroad companies to make ample experi- 
ments, founded on these considerations, with a view to the 
greateat poaeible reduotion of ca/r-weigkt per poLseenger. 

Construction, — ^By an oversight, the horizontal heavy lines of 
the plan were placed on the lower edges of the several pieces of 
the truck. This is the English fashion, but it supposes two dif 
f erent directions of light, one for the plan and another for the 
elevation. 

The circles with cross-marks in them are washers, with nuts 
only indicated, not shown. 

If desired, the scale could be enlarged to one inch to one 
foot, and the cross-section could be placed side of the end view 
to &cilitate its construction. 
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CLASS n.-RECEIVERS. 

67. In any machine there is a piece, which is the first in the 
order of mechcmioal stusoessioTiy it being the one to which the 
moti'\ e-power is first applied. Such a piece is called a re- 
cewer. 

In a vast number of instances, the receiver is a band-wheel. 

When many machines, as the looms of a cotton-mill, or the 
lathes, planers, etc., of a machine-shop, receive their motion 
from an overhead line of shafting, which constantly revolves, 
it is important to stop any one or more of those machines 
at pleasure, without compelUng the rest to stop. For this pur- 
pose, the band-wheel receiver is double, that is, two equal band- 
wheels play side by side upon the same shaft ; but one is fast to 
the shaft and the other loose, so that when the band from the 
overhead pulley is shifted to the loose pulley, the machine stope. 
In some cases the fast and loose pulleys are on the line of shaft- 
ing. 

Another very common form of receiver is a jpiston^ whethei 
In steam, gas, air, or water engines. 

Other forms of receivers are named in the general tdhle. 

A—Point Receivers. 
B— Line Receivers. 

Of these it has not seemed necessary to present any figures. 

C— SURFACE RECEIVER& 
a— Plane Receivers. 

Laoamotwe Piston vnth RoiKB SteomrpisUm Packing. 

Description. — ^This piston-packing, PL m., Pigs. 4 — 8, is made 
to pack the cylinder of any engine, or pump, uniformly, and no 
more tightly at any given pressure than is necessary ; creating 
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little or no friction. It embraces certain novel improTemcnte 
in that class of packing for pistons, which is composed of me- 
tallic sections, forming, when put together, expansible rings 
which are applied within annular recesses, formed in the cir- 
cumference of a piston, so that when acted upon by steam, the 
sections of a ring will be forced out against the inner surface 
of the cylinder and thereby pack the piston. In this class of 
pistons, ihe steam acts upon the packing from the inside out- 
ward, provision being made for the passage of the steam intc 
chambers formed on the piston, and thence through an outei 
ring, which receives the packing-rings. 

The main object of this invention is, to construct and apply 
sectional packing-rings to a piston, so that advantages shall be 
secured superior to those heretofore attained in that class of 
pistons which have tlieir packing expanded by steam. 

Another object of this invention is, to provide, in horizontally 
working pistons, against an unequal wearing away of the same, 
by the application of an elastic plate to that part of the piston 
which slides on the lowest point of the interior of the cylinder, 
which plate compensates for the extra wear caused by the 
weight of the piston. 

There have been in use many patent piston packings, that 
have proved to be in some cases superior to the ordinary metallic 
packing, in so far as they have saved labor in packing llie piston. 
In other cases they have proved to be inferior to the ordinary 
packing, particularly when an engine has been run to its full 
capacity. The reason of this is, that in all such pistons the 
whole inner surface of the piston is exposed to the pressure of 
steam in the cylinder, and this high pressure causes too much 
friction, consequently wearing away die cylinder and packing- 
rings unnecessarily fast 

Some kinds of packing-rings are in sections, which adjust 
themselves to the inner surface of the cylinder at a very small 
pressure, but at a pressure of from 100 to 150 pounds to the 
square inch cause so great friction as to waste, it is said, from 10 
to 20 per cent, of the power of the engine. 

In other cases, where the packing-rings are cut only once, 
those rings have to be tolerably thin, so as to spring out to 
the inner surface of the cylinder, at ordinary pressure, and 
are therefore easily broken in case there are any flaws in 
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In almost all such pistons there is a solid, or nncut guide 
ring, which has to be fitted as nearly as possible into the cylin- 
der ; but in horizontal-working pistons this ring wears more or 
less on its lower side, and, in course of time, throws the piston 
out of the centre of the cylinder, which causes an uneven wear 
to the piston-rod, stuffing-box, guides, and cross-head. All these 
evils are avoided in this piston, thus : — 

1st. The rings are very strong, much broader, and have only a 
small part of surface of the packing rings exposed to the steam 
(water or air), 

2d. By a peculiar and simple contrivance, when an engine is 
running with steam, the pressure on the lower part, between 
the piston and part of the packing, causes the piston to balance, 
or force it somewhat oS the bottom of the c^/Under. When 
steam is shut ofF, an elastic plate on the bottom of the piston, 
which is pressed out by a spring or set screw, or both combined, 
answers Uie same purpose. 

The packing rings are cut in not less than three pieces, but 
this depends upon how true the cylinder is. When the packing 
is put into cylinders that are out of round and not parallel, it 
is better to cut the rings into more pieces, that they may adjust 
themselves better to the irregular form of the cylinder. 

8d. In locomotives running with from 100 to 150 pounds of 
steam, and whose cylinders are true, one-eighth inch steam 
bearing under the packing rings is all-sufficient; on worn 
cylinders one-fourth to three-eighths of an inch may be neces- 
saiy at first, afterwards it can be reduced to one-eighth and less. 
The surface of the rings bearing against the surface of the 
cylinder can be quite broad; the friction will be no more, and 
they last longer in proportion to their width. These rings must 
be fitted very closely, and must not have more play than will 
permit them to barely move between spider and follower. 

Fig. 4 is a section tiirough the axis of the piston rod. 

Fig. 5 is an end view of the piston, with the foUowe** 
removed. 

Fig. 6 is a diametrical section through the central ring. 

Fig. 7 is a central section through central ring, perpendi- 
cular to the axis of the cylinder. 

Fig. 8 is a diametrical section through packing rings. 

A and B constitute tlie body of the piston, A being the 
"spider," and £ the follower, which parts are constructed and 
6 
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bolted together in the usual manner, as shown. When these 
two parts are bolted together, they form an annular space 
between their flanges for the reception of the central ring 
Cy which is supported by the ends of radial arms of the portion 
^, so as to lap over the joint of the two parts AB^ as shown in 
Fig. 4, and thus prevent the entrance of steam in the body of 
the piston. This ring, (7, is fitted so as to be steam tight and 
immovable, when screwed between the spider J., and follower 
B. The ring, t7, has a central rib which leaves on each side of 
it an annular space for receiving the expansible packing rings. 
This centre ring, C^ forms one side for each expansible ring (the 
inner side), the other side being formed by the circular flanges 
of the piston as. shown in Fig. 4. The inner comers of the 
circular flanges of the piston are bevelled as shown at eta for 
receiving the corresponding bevelled surface of the packing 
rings M, portions of which are closely fitted within the annular 
chambers above described, so that their circumferences project 
a short distance beyond the circumference of the piston. The 
packing rings hh are made up of segments or sections, and are 
held out, so that their outer surfaces press gently against the 
inner surface of the steam cylinder, by means of springs co, the 
ends of which are bent outward, as shown in Fig. 5, so as to act 
upon the ends of the segments hh^ and thus to keep the ends of 
all the segments snugly together, except those segments between 
which the springs are bent outward. These springs, <», not only 
act to expand the sectional packing rings, but they also operate 
to keep the ends of the sections together so as to form tight 
joints. To prevent the entrance of steam within the chambers 
between the sections, ft, and the flanges of central ring C^ there 
are recesses in the ends of those segments which receive the ends 
of the springs, cc^ and, inserted into said recesses, short pieces, 
Oy which break joints with the joints of said segments. The 
segments G may be screwed, or riveted to the segments ft on 
one side of the joint. For horizontal working pistons, where 
the weight of the piston is supported upon the lower inner 
surface of the cylinder, there is a segment, ^, which is inserted 
into a recess formed in the ridge of ring C^ and acted upon by 
a spring or set s( rews, m, or both combined, which supports, or 
nearly supports, the weight of the piston upon said piece g. 
This piece, ^, may be made of hard brass or any other suitable 
metal, and as its outer surface wears away, the spring will 
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force it outward, or, from time to time, it can be set out in proper 
place by set screws, m, so that the axis of the piston, and axis of 
the cylinder, within which the piston works, will always 
coincide. This will prevent the piston, stuffing box, and its 
rod, from wearing untrue. Where the weight of the piston is 
supported by the piston rod, as in upright cylinders, the piece 
^, with springs and set screws m, can, and should be dispensed 
with. It will be seen by reference to Fig. 4, that the cir- 
cumference of the packing rings projects sufficiently beyond 
the circumference of the piston flanges, to allow steam to pass 
those flanges, and act upon the projecting bevelled surfaces of 
the packing rings, and expand them against the surface of the 
cylinder with a pressure commensurate with the force of steam. 
The springs, cOy are designed merely to keep the packing rings 
expanded and in position to be acted upon by steam, and 
forcibly expanded thereby. This invention is not conflned to 
steam engine pistons, as it is applicable to pistons for air and 
water cn^nes. The segments b may be made rectangular, or 
of other suitable shape, in cross section. 

Construction. — 16 ins. may be assumed as the diameter of 
this piston, and it may then be drawn on a scale of onesiathj 
showing a little more than half of Figs. 6 and 7. 



Example XXL 

Thirty-^ and Fifty-fowr-inc^ Pistons. 

Description. — In PL XL, Fig. 1, R represents a vertical sec- 
tion of a piston, with partly spherical upper and under surfaces. 
All of its horizontal sections being circles, a plan view of it 
could easily be added, to make a separate example. 

PI. rV., Fig. 3, represents a fifty-four-inch propeller engine 
piston; hILb is haU of the part called the ^^ spider ^^ and 
H'A'K' a vertical section of it on KH, so that all below A'B', 
except E'rfD' and F'Q', should be filled with shading lines. 
The correspondence of the letters will show the relative height? 
of the difPerent points above A'e". Thus, the tops of the arms 
and rim, ft, ae^ A, are in the plane, D'P. LM is the cover 
which closes on to the spider, its under face resting on the plane, 
DT. The bore for the piston rod is slightly conicaL 
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In the annular space, WQTi\ between the spider bottom ai'.d 
the cover, is inserted the packing. Fonnerly this consisted of 
two or more rings cut once or more, so as to be adjustable to 
the inner surface of the cylinder, and breaking joints, so that 
the cuts not lying together, steam could not pass through them 
from one side of the piston to the other. These rings were then 
set out by springs, bearing on the inside of the rings, and 
pressed against the rings by screws bearing at their inner ends 
against some of the unyielding parts of the piston. 

At present steam^xiMnff is very generally used. In this 
example, OO' is a part of the skeleton ring, resting against 
the outer ends, IJ, of the spider arms, nW ; n, N shows the 
packing itself, consisting of two rings, of which the inner one, f 
square in section, fits within the other, as at n\ n'\ Shallow cuts 
filed away, as at j^, admit the steam over the edges of the piston 
body, which does not quite fit the cylinder, into the space be- 
tween the skeleton ring, O', and \h.^ packing. Steam can also 
be admitted through small holes through the piston bottom and 
cover, near their edges. 

Constmctian. — ^A larger section of the packing, on a scale of 
\ or i, might be made, including the adjacent parts of tlie 
piston body. 

b— Developable Receivers. 

Example yXTT^ 
A Fowmeyron Wheel Plan. 

Description. — This example, PL IV., Fig. 6, does not include 
the finished wheel, but only what is most essential, viz. : the 
laying out of the bucket and guide curves, as seen in plan, 
where their true curvature is shown. O, near the bottom of 
the plate, is the centre of the wheel, whose extreme radius is 
49^ ins. ; radius to outer ends of buckets, 49 ins., and to their 
inner ends, 40 ins. There are 44 buckets, 8^ ins. apart at the 
outer edges, and ^ of an inch thick, made of polidied Bussia 
iron. 

The water enters the wheel from above, through a trunk of 
nearly the same diameter as the inner radius of the wheel, filUiig 
the guide channels, and issuing thence against the buckets, and 
producing rotation in the direction of the arrow. As tlie wheel 
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gives way by its revolution from before the water, the lattei 
does not bend ronnd and run out as if in a fixed channel, AGBE, 
but goes directly on, as indicated, in a general way, by the lines 
KM and AN, carrying the bucket with it, and hence the wheel. 
Still, as a particle of water, relatively to the bucket, follows its 
curve, AFB, the form of the bucket is not a matter of in- 
difference. 

The guides are fixed, and their number somewhat arbitrary, 
but usually taken at £rom half to three-fourths the number of 
buckets. To avoid the injurious pulsation which might follow 
if many guide edges should coincide at once with bucket edges, 
it is doubtless best to have the bucket and guide numbers prime 
to each other, that is, with no common divisor except 1. 
Hence we have proposed 31 guides to 44 buckets in the present 
example. 

The regulating gate is a vertical thin cylinder, which shuts 
vertically downward in the annular space, HQ, all around the 
wheel, between it and the guides. Water, tiierefore, enters 
the guide passages throughout the entire circumference of the 
guide case, deducting only the thickness of the guides them- 
selves ; while in the Jonval wheel the guide openings, as they 
would be, without a gate, are half closed by the gate. This, how- 
ever, is not an essential point, for in both cases water issues 
against the bucket from the entire outer circumference of the 
guide case, with the above deduction, and the whole structure 
can be designed with such dimensions as to give any desired 
area of guide opening. 

Construction. — ^With a scale of one-tenth, describe the princi- 
pal circumferences with the dimensions given. The circum- 
ference containing the bucket ends, divided by the number of 
buckets, will give the distance BE. The shortest distance, EF, 
between the buckets being fixed by the designer, the following 
form and construction has been proposed : Put EF=a, and the 
thickness of the bucket=&. Make BC=:5a, and draw the ra- 
dius, CO, to determine A, the inner end of the bucket Draw 
AD, tangent to the circle OA, and the arc E-F, with a radius 
equal toa+b. Then the direction of Ba must be found by 
trial, so that AD being marked on the edge of a slip of paper, 
shall be applied with D always on Ba, and the segments te^ or 
rF, etc., constant and equal to BD. aBO may vary from 10° to 
12°. Otherwise, alter the length of BC. The ciuve thus pass- 



Digitized by VjOOQ IC 



70 



SLEMENT8 OF 



ing through Aeb^ etc., should be just tangent to EF, and wili 
be the inner face of the bucket If it be not so, assume a 
new position for Ba. 

For the guide curves, describe the arc, T^—fj with the least 
opening of the guides for a radius, and H^ with double this ra- 
dius. Then describe A^, through h^ and tangent to the two arcs 
just noted. This can easily be done by trial ; determining the 
centre P (in Fig. 3). This gives the essential portion of the 
guide curve. The remainder, gk^ is drawn from any conve- 
nient centre, as Q, such that gk^ produced, would pass through 
the centre, O, of die wheel 




Fio. 81. 

The centres for all the other guide curves corresponding 
with hg will be on the circle with radius OP, and those for the 
curves of which gk is one, will be on the circle with ra- 
dius OQ. 

The above %ure, 21, will give a sufficient idea of the general 
arrangement of parts. A is the wheel plate, keyed to the shaft 
G, by a collar B, and bearing the vertical buckets, E, on its 
outer rim. CD is the fixed guide bottom, carrying the guide 
curves, of which HID represents one. F is a fragment of the 
thin cylindrical gate, shown partly open, which lifts out of the 
annular space between the guides and buckets, and admits the 
water from above through the trunk, to the guides, and thence 
through the buckets as shown by the arrows. 
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o — ^Warped Reoeivers. 

Example XXTLL 

A JbrwaZ Turbine Whed amd Bucket. 

68. Litrod/uctory ExjpUmatuma. — ^Water wheels may be clas- 
sified as vertical and horizontal. The former have horizontal 
axes ; the latter, as in the last example, have vertical ones. 

Vertical wheels are overaJiot^ undershoty or hrea,8t wheels. 
These are so generally figured in the elementary books, or ex- 
emplified along many mill streams, as not to need illustration 
here. Overshot wheels are those to which the water is delivered, 
at or near their highest part, into trough-shaped buckets, deep 
and narrow, so as to retain the water longer. It escapes at or 
near their lowest line. Thus all the buckets on one-half of the 
wheel are loaded with water, the unbalanced weight of which 
causes it to descend, and the wheel to revolve. 

Undershot wheels are like the paddle wheels of a steamboat; 
armed with floats at the circumference, parallel to the axis, so 
as to be acted upon by water rapidly running against them. 
They of course utilize but a very small part of the power of the 
water, but can be improved by curving or inclining the floats 
up stream. 

Breast wheels are those to which the water is delivered at or 
near the height of their axes. They may have buckets like an 
overshot wheel, or floats like an undershot, but moving with 
their outer edges very near to a curved a/pron of wood or stone 
slosely conformed to the curvature of the wheel on the lowei 
descending quadrant, so that the floats will partly act as buckets, 
CO retain the water. 

With a low fall of water, a long breast wheel may be better 
than an overshot of diameter equal to the height of the fall, 
since its longer diameter may enable it to retain the water 
longer. 

The principal horizontal wheels are imrbviMS. They work 
under water upon a vertical axis. 

The power given out by a wheel, other things being the same, 
depends on the quantity of water which it can dispose of. Ac- 
cordingly, turbines, being small, usually revolve with a very 
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high velocity, while the ponderous overshot wheels revolve 
slowly. 

Again, for practical purposes, turbines may be distinguished 
as cheap and empirical ones, arranged according to partly fanci- 
ful notions, perhaps, of their designers; and costly highly 
finished ones, carefully modelled in every part by the results of 
the soundest theory and most decisive experiments. Of the 
latter class, in this country, are the Jonval Turbine, in the f oitq 
known as the " Collins wheel," made at Norwich, Conn., the 
Foumeyron Turbine, as arranged in the " Boyden wheel," and 
made at Lowell and Chicopee, Mass., and elsewhere, and the 
Swain or centre discharge wheel ; also made near LowelL All 
of these wheels are so good as compared with many empirical 
wheels that we should not here wish to discriminate between 
them. There is only room to partially illustrate them ; but the 
main difference between them will be well understood by ob- 
serving that, in the " Jonval," the stationary guides are ahove 
the buckets, the bucket face is a warped surface whose recti- 
linear elements are horizontal and radial^ and the water is dis- 
charged on the under side of the wheel in a stream of the radial 
width of the bucket, whereas, in the " Foumeyron," the sta- 
tionary guides are within the revolving part ; the buckets are 
vertical and cylindrical, with their rectilinear elements parallel 
to the axis of the wheel, and the water is discharged horizontally 
at the periphery of the wheel: and, finally, in the "Swain" 
wheel the guides are radially exterior to the buckets, and the 
water is discharged underneath, and around the axis. 

There are, then, briefly, hottom discharge, lateral discharge, 
and centre discharge wheels ; and these are the three radically 
different kinds. 

Description, — PI. XIV., Fig. 1, is a vertical section of the 
wheel, and Fig. 2 a side elevation, showing the general arrange- 
ment of parts very nearly as in the proportions of a two and a 
half foot wheel. AA is a section of the wheel, with the posi- 
tion of the top and bottom edges of buckets. It is keyed to the 
vertical shaft ST. A' A' are developments of sections of buckets. 
BB are the guides, and B'B' developed sections of them, show- 
ing them to be hollow to prevent the injurious eddjang of the 
water which might occur if only eo were the wall of the guide. 
CCC is the gate, which consists of radial bars, CC, as long as the 
buckets are wide alternating with the openings C'C. The gate 
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tboB is essentially a circular plate perforated next to the circum- 
ference and turning around the shaft Such a gate might be 
thought to interfere with the proper flow of the water, but the 
perpendicular width of guide opening at K is so much less than 
at ee that half of ee can be ta.ken for a gate bar without inter- 
fering with the best form for the vein of water flowing through 
the guides of the wheel. DD is the lighter plate made fast to 
the shaft. By receiving a part of the upward pressure of the 
water confined in the penstock, F, it relieves the footstep, E, and 
bridge, M, from a part of the weight of the wheel. The foot- 
step, E, is of lignum vitae. oa is a loose collar around the shaft 
to shut out water from the interior space N'N'. Vb is the in- 
terior loose gland ring for the same purpose, and thus the two 
prevent the water pressure f ipm acting on the wheel centre, or 
plate, PQ. This plate has openings, through which any water 
whiclx may leak into the space WW may escape, dd is the loose 
gland ring for the lighter plate, to prevent water from escaping 
there. The exterior loose gland ring, a?, is the one iii which 
the wheel runs. It prevents the escape of the water from the 
guides and wheel, into the case without. 

G is the cast-iron mouth-piece, and H the water trunk, through 
which, and the penstock or chamber F, the guides B, and wheel 
A, the water flows, as indicated by the arrows. But observe 
that as the buckets A' are driven by the water rushing through 
the fixed guides B', the water current is not really bent as indi- 
cated by the arrows on the bucket sections, but passes straight 
on, carrying the wheel circumference with it, as indicated ap- 
proximately by the lines KR', J is the upper bearing for the 
wheel shaft K the gate shaft for turning the gate, and L its 
packing box. NN" are the wheel and guide cases, and the whole 
is supported by the standards, O, in the bottom of the wheel 
pit 

Construction. — ^As nearly all the principal parts have circular 
horizontal sections, a plan could be constructed with sufiicient 
completeness from the elevations. 

Where so many thin sectional surfaces occur, it would be 
well to tint them instead of putting in so many short section 
lines. 

A detailed view of the buckets is given on PL IV., Fig. 4. 
This figure was made from an actual bucket, but of an 
abandoned form. The great rapidity of motion of the wheel 
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and of the wafer flowing throngli it, causes the form of the 
bucket to be a very nice matter, so that we would not, if we 
could, give any improperly exact information concerning it, 
which had been obtained by long and costly experiments. The 
d/raftvng operations of laying out a bucket are, however, fully 
shown. 

The face of the bucket of a Jonval turbine consists of two 
warped surfaces, meeting in a conmion element, asjpj'. The lower 
surface, rVjpY, or odeg — ddle'g^^ is a portion of a right hdi- 
ooid — tiie same as the screw surface of a square threaded screw 
— ^and has for its directrices, the central helix, CE — C'E', and 
the vertical axis, at O, of the wheel. The upper surf acCjjpj'XY, 
or egha — e'g'hia'y is a portion of a conoid^ whose directrices are 
the central curve, EA — ^E'A', and the axis of the wheel, as be- 
fore. The elements, as tb ; eg — e'g' ; XY, etc., of both of these 
surfaces are horizontal, when the wheel is in position, having 
the horizontal plane for their plane director. Whence we have 
the following construction : With centre O, and the assigned 
radius, = r*, describe an arc, CB, of the plan of the mid-line of 
the buckets, and wheel. We suppose the angles DC"B" = wi, 
and D AF = n (where FA'' is horizontal), at which the water best 
enters and leaves the wheel, to be determined by investigation. 
Also, let the height, A"B", of the wheel be given. The de- 
veloped length, 0"B", of the buckets, may then be found thus : 
CG, the horizontal distance from one bucket to the 

2*7* 

next = , where n = the number of buckets. Draw GE'' per- 

n 

pendicular to CE", and produce it. Draw E"A'', making 

QE''A'' = ^"t^ . Then the perpendicular, DQ, through 

the middle point of E''A'', will meet GE'' at Q, the centre 
of the arc E''A''. 

Letm = 25°, though it may be less than 20'', let n = 100'', 
and B''A'' = 8". Having assumed C"E'' to be straight, it be- 
comes the development of a helix. Therefore, divide it equally 
at pleasure, project its divisions on C"B'', and transfer them, 
in order, to CA in plan. Through the points, as n, thus located 
on OE, draw radii from O, which will be horizontal projections 
of elements, limited by the inner and outer circumferences, 
OA and Oa, of the wheel. Then project up m and i to meet a 
horizontal line from m", and m!i' will be the vertical projection 
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of the bucket element rm. In like manner, we find other 
points of the front and back curveB </e^a^ and d'g'hf of the 
backet 

A^'E'' ifl simply a circular arc, tangent to Af'T)" at A'' and 
to G''W at E'', and hence DE'' == DA". Having drawn the 
arc A!''E/\ proceed as before to find ea — e'a\ etc. 

The flange B'S'M^^ is for the purpose of fastening the 
bucket to the rrmpq^ PL XIY., Fig. 1, of the wheel, while the 
eai a'kf stifEens the outer comer of the bucket 



d— Double Cuzired Receivers. 

Example XXIV. 
Ths SuHjm Centrcbl Di%cha/rge Water-ioAeeL 

l)e8criptioru — ^The following abridged description and figures 
are, by permission, from a paper by Hiram F. Mills, 0. E., in 
the Jawrud of the FrankUn Institute for March, 1870 : — 

The central discharge iron wheel, known as the Swain wheel, 
has been in use in yarious parts of New England for several 
years, and has been justly gainiilg a reputation for good con- 
struction and efficiency. 

Plate XY. represents a vertical section through the centre of 
the wheel and curb, and a plan of one-quarter of the buckets 
and guides, and a development of a portion of the outer surface 
of the wheel. 

A flume, 6 feet wide and 6 feet deep, leads the water from 
a canal to the wheel. It enters the f orebay, 6 feet square and 
19 feet deep, from the side of which water is conveyed to the 
wheeL 

The wheel-pit, upon the floor of whidi rest the cast-iron sup- 
ports of the wheel and its case, is 14 feet wide, and 20 feet 6 
inches long, with sides 5 feet high. 

The cast-iron supply-pipe and the quarter-turn, D, Fig. 1, are 
4*98 feet in diameter inside, and the radius of the central line 
of the latter is 3-76 feet The former is 1*46 feet in length, 
and is firmly bolted to the side of the f orebay, at AB. 

The quarter-turn is bolted to the supply-pipe, and is supported 
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by the cast-iron case, C, which enlai'ges to have an internal difr 
meter of 6'98 feet This case extends to a short distance below 
the bottom of the wheel, and is supported by six hollow cas^ 
iron cohimns, Y, 1*6 feet long, 0*8 feet wide radially, and 0*3 
wide tangentially, and presenting acute angles to the escaping 
current 

The columns also support the cylindrical disk E, which sur- 
rounds the lower half of the wheel, and upon the outside of 
which the regulating-gate, O, slides; and by means of three 
supports, one of which is represented at F, they sustain the 
annular chamber G, also the disk H, which cover the wheel, 
the lower shaft-coupling, and the step ; and the shaft-pipe, I, 
which extends from the top of the disk through the upper part 
of the quarter-turn. 

The disk K, cast with the six supports of the case, sustains 
the step of the wheel L, and the main shaft M. 

The step L, of white oak, is a cylinder, 7 inches in diameter, 
terminated at top and bottom by cones, and having an extreme 
length of 8 inches. It is free to move with the shaft-coupling, 
or the latter may move upon its upper surface. 

The step is always submerged, and to maintain its surfaces in 
as good a condition of lubrication as possible, several vertical 
holes are bored through it, and filled with a fine quality of 
plumbago. 

By means of the set-screws N, the wheel may be adjusted to 
the proper height. These screws are reached through hand- 
holes in the curved disk H, which connects the wheel with the 
shaft. 

The regulating-gate, 00, is represented as fully open. It 
consists of a cylinder of cast-iron, 7^ inches long, 3-51 feet in 
diameter inside, having at the bottom a narrow flange, against 
which a ring of leather packing is held by means of bolts and 
a cast-iron ring, by which leakage under its lower edge is pre- 
vented, and at the top, cast with it, and making an angle of 
about 80**, is a broad flange extending outward 7i inches, with 
an edge turning downwards. 

This flange serves as the lower disk, limiting the stream of 
water entering the wheel, and into it, projecting vertically from 
its upper surface, the guides PP are cast. 

There are 24 guides, 21 of which are straight plates of 
wrought-iron -j^ inch thick, and lOf inches long, having each 
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end sharpened to a thickness of ^ of an inch, with a bevel i 
inch long. The mean distance of their inner edges from the 
centre of the shaft is 1*835 feet, and they are distant radially one 
inch from the outer edge of the buckets. Their direction makes 
an angle of 22^, with the tangents through their inner edges. 

The remaining three guides are of cast-iron, of the form 
represented in plan at O in Fig. 2. 

Through these guides pass the three wrought-iron rods, ad- 
jacent to the supports, F, and by which the gate is raised and 
lowered. Two of these are represented at R. They extend 
from the under side of the gate flange through stuffing-boxes in 
the upper part of the quarter-turn, and terminate in racks SS, 
into which work the pinions TT, which are driven, through the 
action of the worm U, by a crank. 

When the gate is raised, by which movement it is also closed, 
all of the guides rise through slots in the upper disk, which 
limits the stream approaching the wheel, and which is similar 
in form to the lower disk already described ; and are enclosed 
in the guide-chamber G. By this arrangement the stream pass- 
ing between the guides is decreased in height in proportion to 
the closing of the gate. 

The wheel, W, has an extreme diameter of 42 inches, and an 
extreme height of 15^ inches. It has 25 buckets of wrought* 
iron, ^ of an inch in thickness, which are formed in a die, and 
are cast into the upper disk aa^ which forms the crown of the 
wheel, and into the band M, which surrounds the lower part of 
the buckets for a height of 8*42 inches, leaving, between the 
top of this ring and the imder side of the crown, a space 5*36 
inches high, through which the water enters the wheel. 

The horizontal projection of the buckets, for a deptli of 5 
inches from the top, is shown by the heavy lines in Fig. 2, and 
Fig. 8 represents the development of a portion of the cylindrical 
stirface containing the outer edges of the buckets. 

The diameter of the cylinder, which would contain the inner 
edges of the buckets for a depth of 5 inches, would be 2*092 
feet Below this portion, the surface which would contain the 
inner edges of the buckets is generated by the revolution, about 
the vertical axis of the wheel, of a quadrant whose radius is 8-4 
inches, and which is convex towards the axis. 

The under side of the crown of the wheel is horizontal 
thror^h a radial distance of 4 inches from the outside. Foi 
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the remaining distance, it forms part of a surface of revolation, 
C, whose sections through the axis have a radius of 11 inches 
which surface continues downward and towards the shaft, and 
forms part of the cylindrical socket which surrounds the step 
and its supports. 

The following dimensions were measured after the wheel was 
rem^^ved from the pit. : — 

Yeztioal diBtanoe from the under side of the orown 

to the lower edge of the backetB 1*148 feet 

Vertical distance from under side of crown to top of 

band 0446 " 

Mean shortest distance of the inner edge of one 
bucket from the adjaoent bucket at 1 inch 

below the crown 0-065 " 

Ditto, ditto at 6 inches below the crown 0*080 *' 

Ditto, ditto at 1 inch from the outside at the bottom . 0*186 ^* 

Mean shortest distance from the inner edge of one 

guide to the adjaoent guide 0*214 ^^ 

Mean shortest distance from the outer edge of one 

guide to the adjaoent guide 0*883 '* 

Mean area of outlets of wheel 18*97 sq. ins. 

Total area of outlets of wheel 8 -39 sq. ft 

From a series of ninety careful experiments, the interesting 
details of which will be found in the journal referred to, it was 
found that the mean maximum efficiency of the wheel is as fol- 
lows, viz. : — 

With full gate, 81-^ per cent of the power of the water. 
With three-quarters gate, 77^ per cent, of the pow;er of the 
water; and with one half -gate, 69^ per cent, of the power of 
the water. 

Con«tfniction. — ^Fig. 1 may properly be made on a scale of 
three-fourths of an inch or a whole inch to the foot ; and with 
the sectional surfaces tinted, instead of being filled with sliade 
lines. 
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CUSS m-COMMUNICATORS. 

69. These are pieces whose office it is to take up a certain 
motion at one point, and impart it unchanged, or modified in 
velocity, form, direction, or uniformity, at another point. 

Most of the pieces interposed between the receiver and the 
operator in any machine are but a succession of communica- 
tors, as, for example, the wheels of a watch, which communicate 
the motion received from the main spring by the barrel to the 
hands. In this case, the original velocity is greatly changed. 
In the use of the crank, the reciproocUing and varialle velocity 
of the piston of a steam engine is changed into the rotary and 
timform motion of the crank-pin ; and, again, toothed wheels 
and rocker armSj that is, arms which vibrate about a fixed 
point, change the direction of the motion received by them. 

A— Point Ck>minimioator8. 

Point communicators are not numerous. Only one example 
is given here, separately. The crcmk-pm^ and tiie croaa-heady 
will be found elsewhere, as parts of other examples. 



"RTAlffPT.TB XXV. 

CoUini Shaft Coujplmg. 

Description. — ^Pl. XXX., Fig. 1, is a sketch merely of tliis 
coupling. Shafts are necessarily of limited length j tliongh a 
line of shafting may extend the whole length of a very long 
room. Some of the requisites of a good coupling are, ease of 
application, permanence of adjustment, lightness of separate 
parts, and neat finish, with absence of projecting parts. These 
conditions are well met in the coupling here shown. SS is one 
side of a sleeve, whose two halves, together, embrace the shaft 
OR — CH' is one of two cone rings which together cover the 
slightly tapered part, a5, of the sleeve ; m — r'n! is one of the 
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ring nuts, to be screwed on to the screwed portions, Sa, SJ, oi 
tlie sleeve, by inserting a pin in the holes r', n\ etc. It thus 
drives the cone rings, whose inner bore is tapered the same as 
ab, upon the sleeve, and thus clamps the two parts of the latter 
tightly to the shaft. Sometimes, small pins, ^, inside of the 
sleeve, enter corresponding holes, one in each piece of shafting, 
in order to give the coupling a firmer hold ; but this is not ne 
cessary. The whole, when put together, is a smooth cylinder 
capable of being used as a band pulley if desired. 

Construction. — ^The nieasui-ements attached to the sketch al. 
low all parts to be accurately drawn ; with an exterior view of 
the other half sleeve ; or an end view of either half. 



B— Line Comxnunloators. 

60. Zmea/r communicators are distinguished as fleooibU and 
rigid. Tlie former will, for convenience, be described first ; 
on. account of the connection of the latter with subsequent 
forms of communicators. 



Bandy Oord^ and Chain Wheeh. 

61. The motion of one wheel, or of a curved sector, may be 
communicated to another by means of a band or belt, a cord, 
or a chain passing around both wheels ; or fastened suitably to 
a point on the circumference of each sector. In either case, the 
wheel and the band are both of so simple a form as hardly to pre- 
sent any fit examples for graphical construction^ except as the 
curved arms often seen in band pulleys may afford further 
practice in the nice construction of tangent arcs ; and as a fully 
shaded projection of two or more band wheels, in different 
planes, might make an effective plate of shaded drawing. Such 
a plate the student could readily design and execute for him- 
self, after having learned the following principles. 

The present subject wiU, therefore, be treated only in relation 
to the leading practical principles of band wheels or pulleys, 
belts and chains. 

62. Angttlar vdodty is that at which the angular space 
around a centre is swept over by a radius turning about that 
centre. 
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Ibr purpo%€» of comjpcmson it is estimated at a imi^s dhs- 
ta/ncCy as a foot, from the centre. Thus if a point on the pe- 
riphery of a wheel of 4 ft. radius be moving at the rate of 20 
ft per second, the Telocity of a point at one foot from the cen- 
tre will be 6 ft per second, and this will be the angular velocity 
of the wheel. 

63. The direction of the motion of a revolving body at any 
point is estimated on the tangent at thatjHyint to the circle de 
scribed by that point 

The direction of an a/nguloT vdodtyy as to iX&'sensej i. e., as 
forward or backward, right or left, is estimated by that of a 
watch having the same relative position to the observer as the 
given motion. The hands of a watch are said to move from 
left to right, since they really do so in passing through the 
upper or "^^TT point Any opposite rotary motion is then si^d 
to be from right to left 

Theobeic L 

A rotary motion of two pa/radd axes may le maintained 
indefinitely^ and in one and the same directiony for iothy hy a 
hamdy passing di/recHy a/round cyUndrical pvUeys in the same 
plane J on those axes; but, if the band he crossed, the rotations 
wiU he in opposite directions ; hut in both cases the ratio of 
the velocities wiU he constant* 





Let A and B, Fig. 22, be two thin cylinders in the same 
plane, secured to the axes A and B, also in the same plane. A 
leather or other flexible band, alnsdy whose ends are united to 
6 
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make one piece, may then be passed directly and tightly aromid 
the two pulleySy as shown, and will then be in the same plane 
as the wheels. Its adhesion to the wheels will then be sufficient 
to commmiicate the motion of either to the other. And as no 
part of the band is hindered in passing any point touched by it 
on the wheel, the motion in either elevation, ab or ba, may be 
indefinitely continued. As the points a and b move in the 
same direction and on the same side of the axes, the angular 
motions of the wheels will be in the same direction. But if 
the band be crossed, as in Fig. 23, the points a and b being on 
opposite sides of the plane of the axes, the band will produce 
rotations in opposite directions, as shown by the arrows. 

Finally, the ratio of the velocities will be constant, for all 
points of the band must move with equal velocity, else it would 
break ; hence the peripheries of the wheels have equal velocities, 
which are equal to that of the band. Hence as each wheel has 
a constant radius, its angular velocity also will have a constant 
ratio to that of its periphery, that is, to that of the band. 
Hence the ratio of the angular velocities to each other will be 
constant 

Rema/rk. — While this last result is theoretically true, it is 
not so practically, if there be any slipping of the band. 



Thbobeii n. 

A band should be crossed by gimng it a 
half tioisty m a plane perpendicvla/r to 
that of the wheds which hold it ; it should 
be shifted^ lateraUy^ by operating on its 
ad/oam/cimg side, and if applied to a cone 
wheel, will work itsdf towa/rds the larger 
end of the cone. 

First, the band should be crossed as de- 
scribed ; first, to bring the same side, and 
the inner side of the leather against the 
pulley; and, second, to make it cross it- 
self flatwise, as at D, or face to &ce, in- 
stead of edge to edge. This is accom- 
plished by taking hold of the band, as 
Fio.*! shown in Fig. 24, and carrying it half 

found^ that is, with a half twist, as indicated by the 
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arrow C, in the plane CF, parallel to the plane of the 
axes. 

Seoondy the rigidity of the band in the direction of its 
width, together with its adhesion to the surface of its pulley, 
makes any point of it follow the line into which it is drawn 
at any point, in going on to the pulley from that point 



U' 




Fig. 91 



Thns a band A, Fig. 25, being drawn aside by a looped 
rod B, just before striking the wheel, will, by its own stiffness, 
follow the direction aA till it touches the wheel, and will 
then continue in that direction. 

Hence, in all shifting of bands from one pulley to another, 
they must be acted upon on their advancing sides; and any 
ordinaiy lateral action applied to them on their retreating 
side, will not displace them on or from their pulleys. 

Thirdy the resistance of the band to lateral bending likewise 
makes it work towards the larger end of a conical pulley. 
Thus the band AB, Fig. 26, in striving to fit the conical pulley, 
C, will bend ; and the point D will, by the resistance of the 
band to lateral bending, tend to move in the line Ddy while, by 
the continuance of these two actions, the band 
will work itself to the larger base of the cone. 

Hence the simple^ me^od of keeping bands 
upon their pulleys is, to make the latter consist 
of two conical frusta, with a common larffer 



910. m. 



Thus band pulleys, even when running with 
the highest vel<xdties, are made as in Fig. 27, 
slightly coned from a and o to the larger central diameter at A. 
The band will thus keep itself upon the pulley, without either ex- 
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temal guides or loops, or flanges, all of which would wear ita 
edges and hinder its motion. 

The principles now explained enable us to solve the following 
problem. 

PSOBLEM I. 

To connect wheels lying in different jpla/nesj ly a handy when 
the intersection of their j>lanes is also a common tangent to the 
two wheels. 

This general problem includes several cases which will be 
taken up successively, as variations from a given case. 

I. — To connect the wheels so thM they shall revohe in a given 
manner. The band shoidd h^ led onto each wheel in the plane 
of that wheel, and should lea/ve each wheel at the point of con- 
tact of the common tangent to the two wheels. Let PN and 





Fis.nL 



Fta. S9L 



QN', Fig. 28, be given axes not in the same plane, the direc- 
tions of whose axes make any angle with each other, and let the 
motion be in the direction of the arrows. Let CT be the common 
tangent, which is the intersection of the planes of rotation, 
BTC and ATO. Then the band, moving as shown, must enter 
the lower wheel in the plane BTC, and the upper one in the 
plane ATC. Also, by the second principle, it must leave the 
lower wheel at C, and the upper one at T. 
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The same thing is shown in projection, in PL XVI., Figs. 6 
and 7, where the same letters being repeated at like points, the 
figures explain themselves, by the help of the ari'ows. In these 
and the following figures, the horizontal plane of projection is 
taken parallel to the given axes, for convenience in constructing 
the projections of the wheels. 

From this case as a starting point, two principal variations 
may be made : jvrB% to reverse the motion of evther one of the 
wheels ; secondy to reverse the motion of both of theuL 

n. — To reverse the motion of either one of the wheels. Let 
the motion of the upper wheel be reversed as in PL XVI., Fig. 
8. This case is here illustrated with the directions of the axes 
perpendicular to each other. Observing the points of analogy 
and of difference between Figs. 28 and 29, it appears by mere 
inspection that, to reverse the motion of either wheel alone, the 
conmion tangent, CT — O'T', to the two circumferences, which 
is the intersection of the planes of rotation, shifts to the 
opposite side of the wheel whose motion is reversed ; while the 
other wheel, BC — ^B'C, shifts to the other side of the common 
normal, N — ^N'N', from where it was before. 

In the corresponding change from PL XVI., Fig. 7, the wheel 
BO will move parallel to TA tiU its point shall be under A* 
The student can construct the figure. If BO — B'O" in this 
case were moved on its own axis, parallel to itself, it woidd 
have to increase in diameter in order to preserve a common 
tangent to the two circumferences, as before. But in this case, 
the velocity ratio between the axes woidd be changed, which 
might be undesirable. Any two wheels, whose central sections, 
AT and BO, were, as seen in plan, generated by any one point 
of NO, as flf, would give the same velocity ratio. 

Fig. 29 illustrates this case pictorially, with the motion of 
the lovoer wheel reversed ; and we see, as before, that the in- 
tersection, OT, of the planes of rotation is tangent on the op- 
posite side of -^t wheel, and that the other wheel, Q, is on the 
opposite side of the common normal from what it was before, 
in Fig. 28. 

IIL — To reveree the motion of loth wheels. This is illus- 
trated in PL XVI., Fig. 9, for the general case of the directions 
of the axes making amy angle with each other. like lettero f oi 
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like points Btill being retained, we see, by comparing with PL 
XVI., Figs. 6 and 7, that each whed goes to ^ other sido of 
the oom/nion normal^ N — ^N'N", and that the common tangent, 
CT — C'T, finds its contacts on the opposite side of each wheel 
from where these points were before. 

Let a;=the angle between the directions of the axes, 

A and B the radii of the wheels denoted by the 
same letters, and 

F and Q their respective distances, measured on 
their axes, from the common normal N — 1S1S'\ Then it is 
easily found that for wheel A, 

P=B oosec «+ A cot a. 

and for wheel B, 

Q=A oosec aj+B cot x. 
which when ic=90® reduces to 

P=B; and Q=A; or, in this case, the distance 
of each wheel (the central plane of its width) from the com- 
mon normal equals the radius of the other wheel, as in PL XVI., 
Figs. 6 and 8. 

The twisting of the band at its departure from each pulley is 
undesirable, and the more so the nearer the wheels are to each 
other. We therefore next show how to avoid this evil to a 
great degree. 

PsoBLEH n. 

To coimect hand wheels in different pUmes^ when the inter- 
section of those pUmes is not a com/mon tcmgent to the wheds. 

Let I— 11'', PI. XVL, Fig. 10, be the intersection of the verti- 
cal planes, QI and CI, in which are the wheels TA — T'A', and 
BO — ^B'C. Take any two points, mm' and nn\ on I — I'l", 
and from mm/y draw mA — m'A', and mB — m'B' ; also from 
fm', draw nT — n^T\ and nQ — n'0\ Then place guide pulley, 
pp'j in the plane A'm'B', and another, qq\ in the plane T VO', 
and a band led around the four wheels, as shown, will act in 
either direction, as indicated by the opposing arrows, since the 
band enters upon, and lea/ves each of the four wheels in the 
plane of that wheeL 

By drawing m'T' and n'A', the lines to B'C remaining un- 
changed, and placing jp' and ;'in plariBS BWT' and Cn'A', the 
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relative direction of rotation of tiie wheels P and Q would have 
been changed. 

The student can now design an arrangement with ofie guide 
pulley for this case, giving rotation in one direction only ; also 
an arrangement either by one or two pulleys for giving rotation 
in either direction in the previous cases. 

J^otea on Bamd Wheels. 

64. The foregoing are all the important geometrical principles 
connected with band wheels. Some notes are added, moetiy 
from an extensive recent collection on the subject.* 

Area. — 100 square feet of belt per minute, per horse-power, 
at a belt speed of about 1,800 feet per minute, seems to be a fair 
average allowance of belting to power transmitted, according 
to several examples from various authorities and from actual 
practice. 

One example gives only 24 sq. feet of belt per horse-power 
per minute, at a speed of about 750 ft. per minute ; and another, 
68 sq. ft per horse-power per minute, at a belt speed of 1,000 ft 
per minute ; but the horse-power transmitted may have been 
variously or loosely estimated. 

A more satisfactory average residt is from a mean of twenty- 
seven select examples, in which all evidently extreme cases, like 
that of 24 sq. feet just named, had been rejected, and the belt 
speed disregarded, as the various particulars, of material^ a/ro of 
puUey embraced^ condition and tightness of the belt, might 
neutralize or outweigh the effect of difference of speed. The 
mean of the twenty-seven examples, then, gives about 76 sq. ft. of 
belt per minute per horse-power, to pass a given point on the 
pulley. 

65. MateriaL — ^Numerous authorities agree that oak-tanned 
leather is preferable in point of durability to all other substances 
for belting purposes. These other substances are woven rubber 
fabrics, gutta-percha, paper, and any of these, or like materials 
with metallic strands incorporated into them. As an example of 
a veiy laige belt, there may be mentioned an india-rubber belt, 4 
ft wide, 320 ft long, and of 3,600 lbs. weight, designed for a 
lai^ grain elevator.f 

• Bee ''Belting Facts and FliruMi**^ the Joor. Fr. lu*. 186S-70L 
tJ. F. Init 8ept, 1869. 
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66. PuUey Bv/rface, — This is of cast-iron or wood. In either 
case the power transmitted may be greatly increased by cover- 
ing the pulley with leather, between which and the belt the 
friction will be very much greater than between the uncovered 
pidley and the belt 

67. Belt faatenmga, — The two ends of a belt are very often 
fastened by lacing with leather strings through two sets of 
holes, thus (Fig. 30) :— 



3- 



Vra. 81. 



r^-^ 



Fio. 80. 

Also by ri/vetSy and by " belt Kooks^^ where the 
ends of the belts are hammered on to the thin 
plate, armed with numerous short, sharp 
points, which go through the ■ belt, and can 
be clinched (Fig. 31). 

Thin flexible Btvds are also used, thus : — 



C 



^1^ 




Fia. £3. 

the leather being only slit instead of punched, so as to save loss 
of resisting section of the belt. 

Each variety of belting material may have its appropriate belt 
fastening. But ordinary lacing, like Fig. 30, is by many con- 
sidered best for leather belts, and always sufficient if the belt is 
not stretched too tightly. The belt hook, Fig. 81, is recom- 
mended for rubber and paper belts. 

68. 8iie dgainat ths pvUey. — It seems to be agreed on all 
sides, that die hem' or granm, side of the leather shoidd be against 
the pulley, and for two reasons. First : that side is smoother 
and firmer, and therefore adheres more closely to, or has a better 
bc>ld upon, the face of the pulley. Second : because the strongest 



Digitized by V3OOQ IC 



HACHINS OONBTBUOnON AND DSAWINO. 



89 



part of a leather belt is about one-third of the way through 
from the flesh side, and this bears the tensile strain of the outer 
half of the thickness of the pulley, while it is also freed from 
abrasion by the pulley. 

69. Paper ietts. — These are a new invention known as Graves' 
patent They are made only for straight and unshifting belts, 
not less than five inches wide, nor to embrace pulleys less than 
six inches diameter, and are particularly recommended for heavy 
belts. Examples are recorded 12 to 14 inches wide, and from 
60 to 120 ft long. 

70. Proper ^^7i*ion.— Belts should by no means be strained 
to anything near their breaking weight, as they would thus be so 
extended as to be too loose on their pulleys. Leather belts 
shoidd not bear a strain of much above 300 lbs. to a square inch 
of cross section. Gutta-percha will bear about 400 lbs. to a 
square inch, its breaking weight being about 1,680 lbs. per 
square inch. 

71. Effective radvus. — ^Where nice calculations of speed are 
to be made, and where the belt can be relied upon not to slip, 
the effective radius of a pulley is estimated to the middle of the 
thickness of the belt, the particles within that point being com- 
pressed, and those without extended, as the belt bends around its 
pulley. 

72. Dressing. — It is veiy generally recommended that the 
dressing for belts should not consist of a liquid penetrating oil, 
but of a stiffer composition, such as one of tallow and oil, 
further stiffened 
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by a small por- 
tion of beeswax 
or resin. _ 

73. Driving p /IVf 

power. — Al^ 11 ^^^^ 

though this topic / \LAi. 9 

belongs more ap- 
propriately to a 
treatise on the 

dynamics of machinery, yet an 
outline of the elementary consid- 
erations to be regarded, seems too 
interesting to be omitted. Let E, 
Fig. 33, be an experimental fixed pulley on a fixed axis, and 



-0 



/ 



A 



Flo. M. 



Digitized by V3OOQ IC 



90 



KTilCM WNTB OF 



thus incapable of motion ; and let T and t be weights attached 
to opposite ends of the same belt, B, passing over the pulley. 
Let G be a small guide pulley^ freely turning on a movable 
axis, so that, as it is made to press the belt in or out, more or 
less than half of the circumference of E may be in contact 
with K. Then let T be adjusted to each different length of arc 
of E in contact with the band, until it be sufficient to descend 
and draw up tj by the slipping of the band. 

The difference between T and t will vary, Jiretj with the co- 
efficient of friction for the material of the belt and the pulley ; 
second^ with the ratio of the arc of contact to the entire circum- 
ference of E, and with the width of the band, and consequent 
absolute values of T and t 

The ratio of T and t will, however, depend only on flie two 
first particidars. 

From a table of values,* found experimentally, as just de- 
scribed, the following examples are taken : — 

BELTS m OBDINABY OOKDITION. 



On Cast-iron 
PuUeya. 


* 


•H 1 O 1 


T 


Q 


1.69 
2.41 
8.48 


.69 
1.41 
2.48 


1. 
1. 
1. 


0.8 
0.5 
0.7 


2575.8 
Bope 


25748 
B on rough ' 


1. 
nroodeu dj 


2.5 
rams. 



Kow, for the case of pulleys on freely revolving axes, see 
Pig. 84, where, to produce equilibrium, a weight, Q = T — ^, 
must be hung from a second pulley, D, on the shaft AD, and of 
the same diameter as pulley A. If A = B, as shown, 0.6 of the 
circumference of each will be embraced by the belt, and we 
shall have from the table the relative weights of ty T, and Q 
marked in the figure. 

. * Pzaofcloal Treatifle on UiU-Oeazing. London : Spon. 1809. 
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Next replace T and t by any Bufiicient motive power, appKed 
at C, and it would raise the weight Q at a uniform speed with 
out slipping the belt. 
n X Q may in like manner be raised by treating it thus : — 
nQ=nT^nty and the belt must then be made n times as 
strong as before, when it withstood only the strain T. This 
can be done by making it n times as vyide as before. If, how- 
ever, it be made n times as thieky its stiffness may interfere with 
the friction of an equal area of contact being increased n times, 
by the n times increased strain nT. That is, the ratio of T and 
t may be changed so as to make nQ=rT— n^, and then the 
strength of the band must be rT times as great as before. This 
could be determined experimentally. 

74. Hdatwe merits of heUmg cmd gea/rmg. Belting is much 
more quiet, and more readily allows a change of relative velo- 
city. It only needs to be properly proportioned and applied, to 
give as good or better results, according to eminent practical 
authorities. 

A belt too tightly stretched on its pulleys, not only injures it- 
self, but produces an injurious friction of its pulleys thus 
drawn towards each other, on one side of the shaft of each. It 
is desirable, therefore, to have a long overhead line of shafting 
run through the centre of the width of the room, so that belts 
can pass from it down to machines on opposite sides ; and thus, 
partly, balance the opposite pressures upon the shaft. 

Rubber or paper belts may be used for uncrossed and un- 
shifted belts, and when running in the open air, and the former 
also in damp or wet places. Leather belts may be used in other 
cases, and with leather-covered pulleys, and, if of abundant width, 
will run quite slack without slipping, or loss of power, from ex- 
cessive friction by undue pressure upon the axles. 

Tromsmission h/ HapeSy CordSy etc. 

75. Bound bands of leather or other material are occasionally 
seen on a small scale, driving some of the subordinate parts of 
a machine, or as a substitute for belts in models, etc. They 
run in circumferences variously grooved in different cases to 
hold ihem in place. 

Concave sided grooves, forming an angle at the bottom, are 
reconuncnded in place of Y-shaped ones. 
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Since 1860, however, the transmission of power hy win 
ropesj* on a grand scale, has often been adopted in Europe as a 
permanent arrangement, and might be so employed, advanta- 
geously, wherever the source of power and the place of its appli 
cation are necessarily, or most conveniently, far apart. 

One of the most prominent cases of this kind is that of a 
large water power in a spot so precipitous as to afford no good 
building site near it. In such a case, the great expense of 
building in a bad position, or of constructing a canal from 
flie water power to the distant mill driven by it, may be avoid- 
ed by the use of wire ropes from a water wheel, placed directly 
at the site of the water power. 

The main propositions and facts conceiiiing this topic can be 
briefly expressed in a few sentences. 

The use of a round endless wire rope, running at a great velo- 
city in a grooved sheave, constitutes the transmission of power 
by wire I'ope. 

Thus, the power of a lOO-horse power turbine has been trans- 
mitted 3,200 feet by a f-inch wire rope running on 13^ feet 
wheels, making 114 revolutions per minute, and 400 feet apart. 

The requisite tension is obtained by the weight of the rope 
in long reaches, where the deflection of the rope, at rest, will be 
about -^ of the distance between the wheels. 

Special care should be taken to set each wheel squarely on its 
shaft, and the latter truly perpendicular to the line of trans- 
mission. 

When the wheels are at different heights, a smaller arc of the 
lower one will be effectually embraced by the rope, as the weight 
of the rope then makes it tend to drop away from that wheel. 
In such a case, the rope may be stretched tighter ; or, if the incli- 
nation of the Une from one wheel to the other be great, as 35^ 
or more, guide pulleys levd with the upper pulleys should be 
provided, so that both parts of the rope shall be first vertical 
from the lower to the guide pulleys, and thence horizontal to 
the upper pulley. 

Chains 

76. Chains of various forms are sometimes used in place of 
bands, where great power is to be ti'ansmitted. They are usu- 

* Trans, of Power by Wire Ropes. Van Nostiand, N. Y. , 1860. 



Digitized by V3OOQ IC 



MACniNB OONSTEUCmON ASD DRAWING. 93 

ally made either with toothed .links to engage in notches on the 
periphery of the wheel, or in carefully riveted square links to 
embrace teeth upon the wheel. But in all cases the arrange- 
ment is expensive and troublesome, being liable to get out of 
adjustment by the wear of the rivets. It is therefore inferior 
to toothed gearing, or wire rope, for long transmissions. 

For hoisting purposes, etc., where the motion is limited, and 
the chain passes around only one barrel or dnmi ; if the latter 
be suitably grooved, a chain of conmion oval or of rectangular 
links will coil itself very evenly on the barrel. 

InfiexXble lAmear Ctmimvmcatora. 

77. The common crank may be seen, in its double form, in 
the cranked axle of any locomotive with inside cylinders. A 
single crank may be found in any stationary steam engine of 
the usual form, having a cylinder and reciprocating piston. 

Two armed cranks, whose arms are perpendicular, or oblique 
to each other, go by the general name of bell-cranks, being 
most familiar in door-bell connections. They also enter largely 
into the mechanism of organ-stops. 

78. «Eockers,"Pl. XVIL, Fig.lO, s and A, are familiar in near- 
ly all American locomotives, where they have a vertical position 
on each side of the engine, and communicate the motion of the 
outer end of the excentric rods, ^, to the valve stems, v. A rock- 
er or " rocker arm," «, vibrating in a vertical plane, about its 
lowest point, S, as a centre, may be called a stcmding rocker ; 
one, A, which similarly vibrates about its highest point as a 
centre, may be called a hcmgin^ rocker. The valve rod, or stem, 
t^, of a locomotive is attached to the upper point of a standing 
rocker, and tlie excentric rod, ^, which moves it, to the lower end 
df a hanging rocker on the same rocker shaft, B. 



Example XXVI. 

A Locomotwe Parallel and Mam ConnecHofiB. 

Description. — ^The parallel connection, PL XVIL, Figs. 1-3, 
is the heavy bar that connects the driving wheels of locomotives 
having more than one pair of drivers. It always lies parallel 
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to the line joinmg the centres of those wheels. Hence its name. 
Tlie bar itself is a very simple affair, being straight and of 
romid, or nearly rectangular, or sometimes, I section* But, 
with the adjunct parts, forming its attachment to either crank 
pin, it presents some useful features for study and practice. 

R is the lighter and moulded part of the connecting rod. 
The square-cut part, at each end, as E ««, is the ^^ stub-end," and 
S is the strap. BB are the boxes, of brass, lined with " Bab- 
bit" or anti-friction metal, within which the crank pin, P, 
works. In this example, the front face of each box is formed 
with a moulded cover, best understood from the plan, Fig. 2, at 
BB, also shown by its principal circular lines in Fig. 3, which 
shows a plain box without a cover. This cover shields the head, 
J?, of the crank pin. As each half of the box wears out on the 
inside, it is set up against the crank pin, by wedge keys, K and 
ky which fit into vertical square cut grooves in the backs of the 
boxes as shown, where 88 and tt are the backs of the boxes, into 
which, as at gg in the plan, the vertical edges of the keys set. 

The rear box, being slipped into the strap from its open end, 
and drawn over the crank pin, the front box can then be like- 
wise slipped in, and after it the stub-end. The keys can then 
be adjusted till the box is close to the pin, — the edges of the 
vertical joint, AA, being filed away, if necessary, to secure a 
proper fit — ^while also the bolt holes for the bolts, H and T, must 
agree in the strap and stub-end. These bolts, then, hold the 
whole fast Their nuts, N, and jam-nuts, n, clamp each other 
to the bolt threads, and bear against a washer iron, W. The 
xey, K, passes through "W, and is clamped by the screw bolt e. 

The similar washer, Y, is bolted to the strap by F, and re- 
ceives the key, ^, which is clamped by e, C is the oil-cup. 

The action of the keys, in detail, is as follows : The boxes 
having become loose by wear, loosen the clamp-screws, e, and 
hammer down each key till its box is properly tightened. The 
tapering edge of each key bears against the unyielding strap ; 
hence, when driven in, the vertical edges move towards the 
crank pin, and carry the boxes along with them. And the keys 
readily descend, since the slots, as ab and cdj by which they go 
through the strap, are wider than the keys. 

Construction. — This should include the plan. Fig. 2, and a 
detailed view of a box. Fig. 3, all made in proper relative 
position^ and to a uniform scale. An end view, or a section 
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through hh^ may be snbBtituted for the plan. The scale may 
range from one-Jbtirth to one-Aalfiixe full size. 

Similar instructions will apply to the following case : — 
The Main Conneetionjomt : — ^This, Fig. 4, which is merely a 
sketcli, differs from the parallel rod-joint, just explained^ mainly 
in being heavier. But the opportunity is here improved of show- 
ing a variation in the construction, such as is frequently seen. 
As before, R is a part of the main connecting-rod, from tlie for- 
ward driving-wheel to the cross-head ; E, the stub-end ; B and 
B, the boxes around the crank-pin Op, 8S is the strap and 
K the adjusting key, really setting into the front box, as before. 
With one key, the bolt-hole for the bolt, H, is shUedy that is, 
made oblong or wider than the diameter of the bolt, as shown by 
separate dotted lines for each. Then, when this bolt is loosened 
and the key set in, it first sets up the front box, and afterward? 
acts to draw on the strap S, and thus close up the rear box. 
Moreover, the key, in this case, is a screw-key, passing through 
tlie stirrup T^, and actuated and clamped by the nut and jam, 
nand n. 

79. Having now illustrated the principal members of the 
madai train of a locomotive — the cylinder, piston, frame, axle- 
box, guides, cross-head, and crank-pin joints, it may be best to 
sum up with a few elementary theorems and observations about 
locomotive action. 

80. We begin with the following principles. Fvrst : Action 
cmd reaction a/re ever equal and con(/ra/ry. Second : The mo- 
ment of a force is its product into the Zever-a/rm with which it 
acts. Third : The point of contact, R, of the wheel with the 
rail, Rr, is the fulcrum to which the power acting at the crank- 
pin, and the resistance acting at the axle, are referred. Fourth : 
Inertia is that property by which bodies resist either an acceler- 
ation or retardation of velocity. 



Thxokem ni. 

The effective propeOAng power of a looomotivey taken at the 
ledcj is the same^ whether the cramhpin is above or bdow the 
aode. 

Let the crank-pin be at j>, Fig. 35 ; let the engine be moving 
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forward; and let the radius, OK, of the driving-wheel be 3 
feet, the crank-arm Op ■= Op' = 1 foot, and the pressiu'e on the 
piston 9,000 pounds. Then a force of 9,000 pounds, acting aa 
at_p, 4 feet from E, gives a moment of 36,000, which, divided 
by 3, the lever-arm, OR, of the centre, gives 12,000 pounds as 
the equivalent force acting, as at Oa, To oppose this, there is 
the reaction of 9,000 pounds, against the back cylinder-head, com- 
municated through the engine-frame and body to thejront aasU- 
boXy and represented by Ob. This leaves a surplus of 3,000 pounds 
effective pressure forward, at O, acting to propel the engine. 

On the other hand, let the crank-pin be at jp', pressed back- 
ward at p'q' with a force of 9,000 pounds, acting at 2 feet from 
R The moment of this force is therefore 2 x 9,000 = 18,000, 
and dividing by 3 the lever-arm at O, we find 6,000 pounds as 
the equivalent force acting at O in the direction of Ob. To 
oppose this, there is the reaction of the steam pressure of 9,000 
pounds upon the /ront cylinder-head, and thence through the 
frame, etc, to draw the latter forward against the axle. This 
leaves a free surplus force, as before, of 3,000 pounds acting at 
O to drive the engine forward. 

It follows from this that it is just as easy to start a load with 
both crank-pins below the centre O, as with them both above. 

Theosem IY. 

2^ pre%9v/re between the axLe and the front aaoMox of an 
engme going forward, is double ihoit between the aaie and the 
backaxde^ox. 




TiOw 88l 



We have seen. Fig. 35, that there is a tree force of 8,000 
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poimds out of 12,000 poundB, acting forward at O, when the 
crank-pin is at p. To this effective force is opposed the sum of 
all the train resistances, represented by the additional arrow be. 
This resistance is a ^'hanging-back/' felt through the frame and 
drawing the front axle-box against the axle. Thus the total 
pressure between the front axle-box and the axle is 12,000 
poimds. Moreover, this result is constant under the given con- 
ditions ; for if the train resistance in the form of friction, re- 
sistance of the air, and the jerky resistance of Uftmg the cars 
over the vertical unevenness of the track are less than 3,000 
pounds, the balance will be made up by opposing forces of 
mertiay developed in i/ruyreasmg the speedy until the former re- 
sistances, aloney equal 3,000 pounds ; when the equilibrium of 
uniform motion will ensue. 

Again, the 3,000 pounds free effective pressure forward at O, 
when the crank-pin is at jp', is opposed by the train resistances as 
before, which act to draw the back axle-box from the axle. 
Hence the pressure between the axle and the back box is 6,000 
pounds, or one-half as much as there is between the BXle and its 
front box, which satisfies the enunciation. 

As this diminished pressure, and, consequently, diminished axle- 
friction, occurs in the lower half of the crank-pin circle, it follows 
that if there is any sensible advantage in starting a train at any 
time, it is when both cranks are below the axle, though this 
happens to be just opposite to the notion said to be held by 
some engine-drivers. 

Theobem V. 

The pistofiy eto.y move m space faster than the engme^ going 
forwwrdy in, the forward stroke^ and slower in the hacknjoa/rd 
stroke. 

The piston, piston-rod, and cross-head all move together, and 
in the same direction. Let the motion of the piston, therefore, 
represent them alL 

Now the piston of a locomotive has a compound motion. Istj 
its general motion forward, in common with all points of the 
engine. 2rf, its own proper miction relative to the cylinder, 
wl^ch is the same as it woiild have in a stationary engine having 
an equal cylinder, and working with the same rapidity. The 
joint effect is, that in its forward stroke the piston is moving 
7 
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forward in space^ or relative to any fixed object, faster thau the 
engine; but, in its backward stroke, slower than the eugine. 
Thus a piston of two feet stroke, making three double strokes 
per second, moves in its cylinder at the rate of twelve feet per 
second. Acting on a seven-foot driving wheel, the three cor- 
responding revolutions of the latter would carry the engine 
forward very nearly sixty-six feet per second, which, by the 
way, is forty-five miles per hour. Then, during the forward 
stroke, supposing, for convenience, that the piston's proper mo- 
tion is uniform at all points of the stroke, though it really is 
not so, it will move forward in space at the rate of seventy- 
eight feet per second ; but in its backward stroke it will move 
forward relative to the ground with a velocity of fifty-four 
feet per second. 

And the above example fairly represents all actual cases, and 
thus the theorem is proved. 

Theoeem VL 

The crankrpm has an accelerated motion m space, from xts 
lowest to its highest pointy and a reta/nded one from its highest 
to its lowest point. Also, it moves faster than the engine dttr- 
ing the forward stroke of the piston, amd slower dwrmg the 
backward strohe, the engvne ha/oing a forward motion. 

To demonstrate this theorem, refer to PI. IX., Fig. 2, where 
AP is the rail, AQ the initial, A'G the middle, and PQ' the 
final position of the driving-wheel for one revolution. AGP is 
then the cycloid described in space by the point.A of the cir- 
cumference of the wheel; and agp is the prolate cycloid de- 
scribed by the crank-pin in making a complete revolution from 
its lowest point. The cycloid may be constructed as in Prob. 
nX The prolate cycloid, a^, is also found in a very similar 
manner. Thus, when the diameter, MT', becomes vertical at 
m, g will be at^^ as far to the left of the vertical line at m as ^ 
now is to the left of a vertical 2Xf'\ Or, what amounts to the 
same thing, yb =f^\ and the like is true for e, d, etc. Thus 
the distance of d from A'G equals that from d'^ to the vertical 
at k, which is the vertical position of the diameter K'D'. 

This being understood, observe that the horizontal spaces, a'5', 
Vc\ etc., corresponding to the eqiud angular motions g^'m'\ 
m'^l'\ etc., of the crank-pin, increase from a tog, that is, from 
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the lowest to the highest point of its path. But these equal 
angular spaces indicate the uniform advance of the engine. 
Therefore the crank-pin motion is accelerated, as described. 
And as the remaining half, gp, of its path is equal to offy its 
motion is retarded as described. 

Again, dk' is the horizontal measure of the space described 
by the crank-pin during the forward stroke of the piston, cor- 
responding to the semicircle, rgDy of the crank circle ; while 
kk'^ is the corresponding forward motion of the engine, since & 
and k^^ mark the two vertical positions of the horizontal diame- 
ter K'D'. But, making a'd''' = a'd\ we have d'^'ad' for the 
path of the crank-pin during a backward stroke of the piston, 
and d^'^d^ for its corresponding horizontal motion, which is less 
than M^\ Hence the relative velocities of the crank-pin and 
the engine in the two piston-strokes are as enunciated. 

Theorem VIL 

The wear of the two oranI>pm boxes is equal. 

This result follows from the equal pressures on the crank-pin 
in the upper and lower half of its circular path, as found in the 
last two theorems. In the upper semicircle, the pin being 
drawn forward by the piston, etc., the back box is drawn against 
the crank-pin ; while, in the lower semicircle, the pin i^jmsh^d 
by the connecting-rod, the front box is pressed against it, but 
with the same pressure — of 9,000 pounds, in the last example 
supposed — as before. 

But as the difference of taper of the keys, PI. XVII., Fig. 1, 
K and £, seems to indicate an opinion that the front box wears 
faster, since its more rapidly tapering key would set it up faster, 
the question may be more fully examined. 

When the crank-pin has a reta/rded motion, the inertia of the 
connecting-rod, etc., resists this diminution of speed by striving 
to go on uniformly, and it thus increases the pressure between 
the hack crank-pin box and the pin. But the crank-pin also 
resists an acceleration of its motion, and thus presses back the 
front box against the pin. 

Let us now examine the results for both strokes. 

From d" to g'\ corresponding to d'^'a in space, PL IX., Fig. 
3, the steam pressure of the front box against the crank-pin is 
di/nimished by that of the back box, caused by the resistance of 
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the connecting-nxl, etc., to reta/rdation ; and from g'' to «", oct- 
responding to o^ in space, the same steam pressure is increased 
by that of the front box, caused by the resistance of the same 
parts as before, to aocderation. 

On the other hand, from « to ^, corresponding to ^ in space, 
the stea/mpvU of the hook box against the crank-pin is diminr 
ished by the continual resistance through ihe front box to accd' 
eration of the connecting-rod, etc. ; while from g to rf", cor- 
responding to gk' in space, the same pull is increased by the 
resistance, through the back box, to retardation of the connect 
ing-rod, etc. 

Thus, as the curve agp is synmietrical with respect to AG, 
the pressure of the crank-pin boxes against the crank-pin are 
equal during liheforwa/rd stroke, corresponding to egd'^ or dgkfj 
for the hack box ; and, during the backward stroke, correspond- 
ing to d"g'*8 or Wad' ior tiie front box. 

Hence we conclude that the difference of taper of the keys K 
and ky PL XVII., Fig. 2, is arbitrary, or only because there was 
not room for so large a key as K behind the crank-pin. 

80. A few fundamental principles concerning the mutual re- 
lations of boiler, cylinder, driving-wheel, speed, and load, being 
doubtless of interest to students, the following is here added : — 

It must be premised that locomotive power does not reside 
primarily in a large driving-wheel, or steam-cylinder, but in the 
boiler capacity to deliver steam of given pressure, at a certain rate. 
This, again, depends on the proportion and position of the fire- 
box and flues relative to the water spaces of the boiler ; and, last, 
without going back of causes acting in the engine, to the primeval 
sunshine as the power which produced the vegetable growths 
from which coal came ; the power in question resides ultimate- 
ly in the coal consumed by the engine. 

Let the duly related fire and water spaces, taken together, bo 
regarded as the given boiler capacity for steam delivery at a 
given pressure and rate, and we shall have the following theo- 
rem. In it the further mechanical principle is employed, tliat 
the work of a force is the product of its intensity, or tlie pre*- 
sttre it can produce, by the space through which it acts. 

Theorem VIlL 
With a given boiler capacity and size of cylinder y the la^er 
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ihe (jbrivmg-whedy the greater the adajptcUion to a light load at 
a high speed ; amd^ conversely^ the whed heing giveriy the larger 
the cylinder the greater the adaptation to^the moving of a large 
load at a low speed. 

This theorem can be better established by a numerical exam- 
ple than by abstract reasoning. Then let the following suffice. 

Suppose a boiler capable of supplying 20 cubic feet per second 
of steam, at a 'meam^ pressure of 100 pounds per square inch, in 
the cylinder^ and that each cylinder has a capacity of 2 cubic 
feet Then 5 double strokes, or 10 single strokes, per second for 
each cylinder, with the steam cut off at half stroke, will consume 
10 cubic feet of steam for each cylinder, or 20 feet for 
both. Next, suppose the driving-wheels to be 7 feet in diame- 
ter ; then the circumference of each will be about 22 feet, and 
the five double strokes will advance the engine 110 feet Let 
the piston have an area of 150 square inches, then the sti'oke 
will be the volume of the cylinder divided by 150 = 

3456 cub. ins. oo • i. ^ 

-TTFvr ; = 23 mches, very nearly. 

150 sq. ms. ^ J J 

Then the 10 single strokes of each piston = 230 inches = 

19.2 feet very nearly, which is the space passed over by the 

piston under the steam pressure of 150 x 100 = 15,000 pounds, 

Now, if the train have a uniform velocity, the work of the steam 

will be in equilibrium with that of the resistances, and we have, 

considering the two cylinders, 

a X 15,000 X 19.2 = iB X 110 ft., 

, 2 X 15,000 X 19.2 .Qo^ . J /ix 

whence x = jj^v = 5236. + , pounds .... (1) 

as the sum of all the resistances. A velocity of 110 feet per 

second = that of a mile in 48 sec., or f^ of a minute, = 75 miles 

per hour. Now, suppose the resistance of the atmosphere at 30 

miles an hour to be equal to all the other resistances on a level, 

and to increase as the square of the velocity ; and let 10 pounds 

to the ton be the force required to overcome these other resist- 

5 ^ /5\« 25 

ances on a leveL Now 75 = g of 30 and y-^j = -j. 

Tlien let y = total train resistance, other than from the at 

mosphere, here assumed to be uniform. 

or, y = atmospheric resistance at 30 miles per hour, and 

25 V 

—jT- = atmospheric resistance at 75 miles per hour 
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Hence^ -j-^ + y = —-y = total train resistance of all kindi 

= 6326 pounds, 

, 6286 X 4 ^^,,^ , 

whence y = — ^ = 722.2 pounds. 

Now, at 10 pounds per ton of power, this force would move 

722 2 
^' = 72.22 tons on a level. Allowing 30 tons for the weight 

of the engine, the balance of 42.22 tons would be equal to about 
two heavy and well-filled passenger cars ; a very light load evi- 
dently for such an engine, at ordinary speed. 

These I'esults are, of course, not given as perfectly accordant 
with facts. Train resistances, including those peculiar to the 
engine, other than atmospheric, are not really uniform at all 
speeds ; the total atmospheric resistance depends partly on the 
number of cars, and on their distance apart ; and, finally, there 
are little or no definite and understood results of experiment 
with very high speeds. Still, the above example suflSciently 
verifies the theorem. 

Without going through the other cases in a similarly detailed 
manner, it is sufficiently evident that if the driving-wheel be 
reduced to four feet, the only result would be to increase the 
load and decrease the speed. For the number of piston strokes 
must be unchanged, else steam would either waste at the safety- 
valve, or fail to supply the cylinder at the required pressure. 
A four-foot wheel will advance the engine about 12.6 feet at 
each revolution, or 63 feet for the 6 double strokes of the piston ; 
and as the work of the steam in the cylinder is unchanged, that 
of the resistance will be so also, and for the diminished apace 
through which the resistance is felt during these five double 
strokes we shall have in place of (Eq. 1) : 

2 X 15,000 X 19.2 ^^.QQ , 

X = ^ = 9142.8 pounds, 

to be spent on the train, and atmospheric resistances, from which, 
by a similar calculation to the previous one, and remembering that 
63 feet per second = about 43 miles per hour, we find, after de 
ducting the engine as before, a load approximately of 16 cars at 
18 tons each, loaded. 

FindUyy vnth the drwmg-whed of fixed size^ and the cylinder 
' ariable, let us again take a four-foot driving-wheel, and let the 
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cylinders be of 4 cubic feet capacity each, or of about 19 inches 
cQameter and 24 inches stroke. The capacity being thus doubled, 
the number of strokes necessary to consume the given volume 
of steam at the given pressure will be halved, giving 2} double 
strokes per second, = 10 feet per second piston speed, which 
will advance the engine 81.5 feet. 
The piston area of each cylinder = 288 square inches, whence 

• 1 £n? 'i^ X. iJix. 2x28,800x10 -ooo^ 

m place of (Eq. 1) we should have x = ^^-= = 18,286 

pounds. 

Also 31.5 feet per second = about 20 miles per hour. Hence 
the given suppositions about atmospheric resistance would now 
give 
y X ^y = 18,286 
or y = 12,660 very nearly, which at 10 pounds per ton, to 
overcome other than atmospheric resistances, 
gives a load of 
1,266 tons, or, deducting 36 tons for engine, 
leaves 1,230 tons of load, or 

70 cars at about 17 tons each, including their 
load. 
None of these results may correspond very nearly with prac- 
tice, though they may usefully indicate the path of calculation 
and experiment to be followed in actual cases. 

These principles concerning the adaptation of engines, of 
certain design, to a certain load and speed, do not imply that an 
engine of different design, but with the same boiler capacity, 
cannot handle the same load at the same speed. For if, as we 
reduce the driving wheel, the cylinder be also reduced, so as 
to consume the same quantity of steam at the same pressure as 
before, by means of the more numerous strokes which a smaller 
wheel would require to maintain the ffiven speed of the train, 
the work of the steam in the cylinder will be the same in both 
cases, and this work may thus be expended in producing the 
required high speed of a small lead. Accordingly, within the 
past ten years there has been a very general reduction of the 
driving wheels, from 6^, and 6 ft., diameter, to 5^, and 5 ft, the 
aylinder remaining the acrniey instead of an enlargement of the 
cylinder, in order to move the heavier trains of later years 
at an undiminished speed. In either case, however, either an 
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enlargement, or an improved proportioning, of the boiler, 
would be required to provide the increased quantity of steam 
demanded. 

Some of the achantagea of small cylinders and drivers are, 
reduced height, and consequent increased steadiness upon the 
track, greater lightness of running parts, and increased facility 
of handling them in the shop. And, by an elegant analogy, as 
the hiiman frame, the most inimitable of all machines, per- 
forms better with full, muscular body, and finely moulded limbs, 
BO we may expect that improved locomotive action is to be next 
sought in 8ted boUerSy safely carrying 200 lbs., or more, per 
square inch, of steam pressure. 



Example XXVIL 
A Worhing-Beam. 

Description. — ^Engines may be divided, in regard to the rela- 
tive position of the cylinder and shaft, into those in which the 
axes of the cylinder and of the main shaft are in the same 
plane, and those in which they are not in the same plane. The 
ordinary horizontal engines and vertical engines are of the 
former kind. In these, PI. XVI., Fig. 4, the crank, OC, con- 
necting rod, CH, and piston rod, PH, are aU in one and the 
same horizontal or vertical line together at two positions of the 
crank. In the other class, the shaft, O, PL XVI., Fig. 5, is at 
right angles to the direction of the piston rod, LP, and the con- 
necting rod and piston rod are parallel in the two vertical posi- 
tions of the crank, OR. In this case the piston rod communi- 
cates its motion to the connecting rod through a worJdng-bea/my 
WB, oscillating on a fixed centre, C. 

PI. XVL, Figs. 1, 2, represents, with a trifiing alteration of 
some of the mouldings, which it would be quite tedious to draw 
on a small scale, the beam of the Brooklyn Water- Works 
Pumping Engine No. 2. Its ponderous character may be seen 
from its main measurements, about 31 ft. 8 in. extreme length, 
7 ft. 4 in. extreme width, and a thickness varying from 6 in. in 
the web to 2 ft. 4 in. at the hub. 

The hub is chambered out, at gh^ to avoid so great an extent 
of turned bearing as would otherwise have to be made. CO — O 
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ia the main centre ; DD' is the point of attachment of the con- 
necting rod, or of the liiik, as BL, Fig. 5, to the piston rod ; W 
is the point of attachment of a pump rod. 

This beam is not of particularly fine outline, being bounded 
by circular arcs. A more elegant form would be given by a 
parabolic outline as sketched in Fig. 3, where, if too clumsy 
when d is made the end of the beam, and ahoi is bounding curve, 
the latter can be prolonged, as in the curve oe^ making d^ the 
vertex of the parabola, the centre of the pin. 

Indeed, by merely proportioning the thickness of the beam 
properly for strength, any other similarly curved outline may be 
taken for its elevation, as a single circular arc, or an ellipse, 
for each long side AG or A'F. 

The great weight of each half of the beam itself, acting at its 
centre of gravity and supported at C, acts to separate the par- 
ticles of iron at A^ and to compress them at A. To resist this 
tendency, the lower fiange, A,A'^, is made vertically thicker, as 
shown at those letters. 

Construction. — ^Let the exercise be varied by aaopting some 
of the outlines just mentioned. The plan will be a sufficient 
guide for showing the mouldings, as m/i, and the end of the 
beam, in the section. 



Example XXVIIL 
A Stephenson Link. 

Description. — There is some difficulty in either clearly ex- 
plaining the separate members of the train of parts which com- 
pose a locomotive valve motion before explaining the whole, or 
in explaining the whole concisely, before describing its several 
l)art&. 

In adopting first the former course, the relation of each part 
to the whole will be touched as briefiy as possible, and only to 
make each part as intelligible as may be. 

Locomotives are required to go either forward or backward at 
win Hence it is plain that if, when the engine is at rest, the 
relative position of the slide valve T,T',T", PI. IV., Fig. 2, and 
piston, P, is such that steam will be admitted to a certain side of 
the piston, through one of the steam passages, and will make the 
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engine go one way ; then, to make the engine go the other way 
the valve muBt be shifted to such a new position as to open the 
opposite steam port and so admit steam to the other side of the 
piston, instead. 

It is thus also plain, without tracing here all parts of the train 
of pieces from the driving shaft to the valve, that the valve 
must be actuated, in the two cases, either by two different posi- 
tions of one piece made to take hold of the valve spindle or its 
rocker-arm ; or else by two different suitably disposed pieces. 
In the latter case, which is the one employed in locomotive, and 
many other engines, these pieces may be either separately or 
simultaneously acted upon, to put one of them in and the other 
out of gear with the valve. 

In Stephenson's and other similar link motions the latter 
course is pursued. The two Stephenson, or "shifting" links, 
one on each side of the engine, are raised and lowered simul- 
taneously by one lever in the engineer's cab, and thus the valves 
are actuated so as to produce forward or backward motion at 
pleasure. 

The link and its attachments are thus formed, PI. XVIL, 
Fig. 5. LL is the link, which is an open or slotted curved 
bar. The link is embraced by a saddle block, SS, which is 
sometimes himg, or, as in the figure, borne up by the supporting 
link A. In either case the link A is attached to one arm of a 
" bell crank," which turns on a fixed shaft, called the " tumbling 
shaft " (see T, PI. IX., Fig. 3, or any locomotive), the other arm 
of which is operated on fipom the " foot-plate," where the driver 
stands, to raise and lower the link. 

F is the link block, attached to the lower end of the hanging 
rocker, A, Fig. 10, by the pin g, and on which the link freely 
slides as it is raised or lowered. The link is thus rigidly con- 
nected with the three moving points P and P', the eccentric 
rod pins, and Q, the saddle pin, and has also a movable connec- 
tion with the link block pin, g, whose motion depends on that of 
the link. 

Construetion. — ^Leaving further details, which here require 
too much to be imagined, except to persons already familiar 
with the locomotive, to the next example, and mainly until valve 
motions in general shall be described, we only add that tho 
three projections in Fig. 5 are only sketches not drawn to scale 
A scale of from one-third to one-^^A would be appropriate. 
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C-SITRFACE COMMUNICATORS. 

a— Plane Communioators. 

Example XXIX. 

A Oironlar EccentriOj Strap ^ and Rod. 

Desoription. — ^A circular eccentric, PL XVII., Fig. 6, givei 
rise to a variable rectilinear motion. 

The figure shows two elevations of the eccentric, which is 
made in two pieces, strongly bolted together, at W, on one side, 
through the projecting halves of the sleeve HHAF. E — ^E is the 
eccentric, bearing the rib R— R, which prevents the strap, Fig. 
7, from slipping off laterally. In this rib is the oil groove ff^ 
Quite small eccentrics are solid plates, except where the shaft 
to which they are fastened goes through them. This one, which 
belongs to a locomotive, is open, and hence stiffened by an arm, 
a, at its widest opening. In putting together a locomotive valve, 
motion, tho eccentric has to be set, as will be more fully explained' 
further on, so as to give the desired motion to the slide valve. 
This is done partly by a series of trials. It is therefore secured 
to the driving shaft, when properly adjusted, by set screws 
through the holes^ and q. 

We will now show that the eccentric is a substitute for a short 
crank. A heavy cranked axle, as at Fig. 9, for giving a very 
short motion as a valve motion = 2ac, or only about equal to 
the diameter of the shaft itself, would be a very clumsy and 
costly device, and indeed quite impracticable ; first, for want of 
room if the axle were cranked again for the connecting rod, as 
in engines with " inside connections ; " and second, because the 
direction of the valve crank arms could not be exactly enough 
determined in advance. 

Now let O, Fig. 6, denote the centre of the driving shaft, and 
centre of motion of the eccentric ; and let o be the centre of * 
figvre of the eccentric. Then o will describe a circle about O, 
with the radius Oo / and vay fiased point on the eccentric will 
describe a circle about O, with a radius equal to its distance 
from O. Hence, if the strap, SS, and eccentric rod, a—a^ Fig. 
8| were rigidly fastened tit the eccentric, the pin a would describe 
a circle of six feet radius, more or less. But if, as is done in 
practice, the strap is secured on the inner circumference, so as 
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to slide freely on the rib, R, of the eccentric, then the pin a will 
be actuated back and forth a distance equal to the difiFerence of 
On and Om, Fig. 6, which, since the eccentric is circular, = 20o 
This result is th0 same as that due to a crank of the length Oo. 

An eccentric is most readily conceived of as essentially a 
crank, by considering it simply as a crai^-pin so large as to em 
brace the axle, and include die crank arm within it The eccen 
trie strap is thus seen to be the counterpart of the strap S, Fig. 
1, which couples the stub-end of a connecting rod to a common 
crank-pin. 

The strap. Fig. 7, consists of two irregular semi-rings, SEP and 
SOK, bolted together at Ih. To the upper belongs the shoulder 
P through which is the oil passage mn, while to the lower seg- 
ment there belongs the oil well O, which is chambered out to 
form a reservoir inside ; and the bearing, K, for the back end, 
r^, of the eccentric rod, r— a. From the two measurements of 
the thickness, an edge view may be made by the student. 

CC shows a portion of the front end of the eccentric rod 
where it takes hold of the link. Fig. 5, as at P or P'. Here, C 
is a plan or top view, and 0', an elevation or side view. 

Construction. — After the full description just given, it is 
enough to add that the scale may range from one-half to one- 
eiffhth, 

. Summing up now the Talve train of a locomotive in a skele- 
ton sketch, wi have. Fig. 86, A, the driving axle ; the eccentrics 

I ~^5_ 




Fia. S& 

represented by their centres e and e\ and crank arms eo and 
e'o ; the eccentric rods, er and e'r ; the link, L ; link block, Z/ 
fixed . rock shaft, K ; hanging and standing rockers, B^ and TXa 
(78) ; valve stem or spindle, »v ; and valve, v, on its seat j$^. Ex. 
XLII. • Further on it will be rfiown how to lay these out in their 
proper relative positions ; though the student can exercise him- 
self on this, with measurements from practice, and with certaiu 
fixed data, in each case, learned from a mechanic, or engine driver 
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EXAMPLB XXX. 

A Hea/rt Ca/m or Eocentrio. 

DescTvption. — ^This cam is one for producing ^a wfdform 
reetUinea/r motion from a like rotoury one. 

The distinction between a cam and an eccentric is perhaps 
not very closely defined. 

It may be said, in the absence of fixed nsage, that a cam 
wipes or pushes againt the piece which it acts upon, without 
being actually joined to it by a material connection. Hence it 
is often also <»lled a wiper. An eecentrie^ on the contrary, 
may take hold of that which it actuates. 

The term heart eccentric, above, is qnite indefinite, since 
various heart-shaped curves of different properties may be de- 
vised. A heart eccentric of the kind here required will be 
bounded, on its acting circumference, by parts of two opposite 
spirals of Archimedes, since the definition of that curve is, 
that for eqtud cmgida/r motions of its generating point, the 
same point has also a uniform radial motion. 

Construction. — Hence, PI. XVII., Fig. 11, let it be required 
to lift and let fall a bar vertically through a space of 9 inches, 
fi'om M np wards. Then lay off from M, downwards, the least 
radius, MO, in this case 9 inches, and thence the greatest ra- 
dius, OG, which must be 9 inches greater, as required, or 18 
inches. Divide the 9 inches from G upward into any conve- 
nient number of equal parts, as eight (not shown), and through 
the points draw arcs from O as a centre, making any one of them 
a complete circle. Divide each half of this circle into eight 
equal parts, each way from OG, and draw radii through the 
points of division. Then M, or the point of each branch, will 
be the intersection of the innermost or circle, M-ith OM, the 
radius ; the point 1 of the cam will be the intersection of 
the next, or circle 1, with the next radius, 1, etc., on each side 
of OG. Through the points thus formed, the cm-ve can be 
drawn by an " irregular curve," or by circular arcs, if desired, 
by a repeated application of the problem ^^ to draw an arc 
through two given points," as for example through 3 and 4, and 
tangent to an arc tlirough the points 0, 1, and 1. 
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Having thus found the outer and essential curve of tl.e cam 
tlie parallel inner one ACD can conveniently be drawn tan 
gont to numerous little arcs having their centres in M4:6G, and 
a common radius of 1 inch, the thickness of the rim. 

The construction of the feathered arms is obvious enough on 
inspection. 

The verti^l section through MG is made by simply project- 
ing over from the curved elevation, and laying ofF the widths of 
the different parts. The similar letters at like points will suffi- 
ciently explain the relations of the two figures. 

For further practice let the student make a horizontal seo- 
tion through O. 

b—Developable Commimioatora. 

Oearvrig. 

81. Before entering upon the construction of toothed wheek 
either separately or as acting together, a few preliminary expla- 
nations of the principles of gearing will be given, which may 
make the subject more intelligible, yet without entering into 
the theory of the subject ») fully as would be done in a work 
on analytical Cinematics. 

Gearing is the term commonly applied to any combination 
of toothed wheels ; that is, wheels fitted with teeth, so formed 
and disposed upon their circumferences as to engage each 
other in regular order, giving a desired motion to the wheels. 

82. Gearing may be classified : firsts according to the rela- 
tive positions of the axes of the wheels ; second^ according to 
the disposition of the teeth relative to the elements of the con- 
vex surfaces of the wheels. 

According to the former classification, the axes may — 
I. — Intereect at an infinite distance, or he parallel. 
IL — Intersect at a finite distance, or simply mteraect, 
IIL — Intersect nowhere, when tliey will not he m the eame 
jplane. 

In the first two cases the axes ^o^ll be in the same plane. 

83. In the first case, the wheels mounted on the parallel axes, 
form pptir gea/ring^ and are of cylindrical form, PI. XX., Fig. 4. 

In the second case, the wheels, having converging axes, are 
of conical form, and constitute hevel gearing^ PI. XX., Fig. 5. 
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In the third case, the convex surfaces of the wheels ai'€ 
frusta of hyperboloids of revolution having the given axes 
for their axes, and tangent to each other along an element ; 
that is, they have a common generatrix. See PL XX., Fig. 6, 
where the two hyperboloids represented by AB and CD are 
tangent along the common element mm>. 

In Fig. 4, A and B are the parallel axes of two thin cylin- 
ders, in contact at T, and fix)m which the finished spur wheels 
are made. 

In Fig. 5, V is the common vertex, and VT the common gen- 
eratrix, or element of contact, of two tangent cones, VCT and 
VDT, whose axes are YA and VB. From tangent frusta, as TnO 
and TwD, of these cones, a pair of bevel wheels may be formed. 

In Fig. 6, AB and CD represent two hyperboloids, whose 
axes are AB and pq^ and whose common generatrix and ele- 
ment of contact is mn. Then a pair of thin tangent frusta, as 
those ha\'ing C and A for their bases, and fitted with teeth set 
in the dii-ection of the elements of the respective hyperboloids, 
will act together, though less smoothly than in the two preced- 
ing cases, since the tangents mN and mK, to each, at their point 
of contact, as m, will not coincide ; while the direction of the 
revolution of each is that of its own tangent 

84. By the second classification the teeth are disposed : — 

I. — In the direction of the elements of 'the surface of the 
wheel. This is the usual case. See Pis. XIX., XX., and XXI. 

IL— Spirally, as in PI. XXXI., Fig. 1, 2, where each longitu- 
dinal edge of a tooth of the wheel forms part of a very long helix, 
that is, a helix of very great pitch. 

85. Among special and older forms of gearing are the lamUm^ 
Fig. 87, where pins, generally included between two disks, take 





r». at Fia. 88L 

the place of teeth of the usual form. These may be seen i£ 
common brass clocks. Also the crovm whedj Fig. 38, where 
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the height of the teeth from top to bottom, instead of theii 
length, is parallel to the axis of the wheel. These may be seen 
in old watches, and cider mills. 

Small toothed wheels engaged with mnch larger ones, are often 
caiHedjmiionSy and their teeth are called leases. In small work, 
esped^ly, the axis of a tooth wheel is often called its ariar. 

Theorem. IX. 

The mmiber qf revolutions in a given time, a/nd the angvlar 
velocities of toothed wheels^ are inversely as their radii. 

Let A and B, Fig. 39, be two cylinders tangent to each other, 
in close contact along the element whose projection is C, and 
mounted on the shafts also indicated by A and B. 

So long as thei*e is only a rolling motion, without slipping, 
between their cii-cumf erences, both of their cowvex surfaces will 
move with equal velocities. 

Now the length of the 
circumference varies di- 
rectly as the radius. If, 
then, as in the figure, 
BC=|- AC, the circumfer- 
ence of wheel B will be 
two-thirds of that of wheel 
A. Therefore, when the 
two wheels are made to re- 
volve, by virtue of the fric- 
tion between them, until B 
has made one entire revo- 
lution, its entire convex 
surface will have been in 
contact with two-thirds of 
the circumference of A. 
That is, A will make two- 
thirds of a revolution, for 
one revolution of B ; that 
is, the number of revolts 
tions of each wheel is in- 
J^'«« »• versely as its radius. 

Thus, the radius of A being f of . that of B, its number of 
revolutions will be 1 r-f = | as many as those of B. 
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The angular space swept over by a given radius of each wheel 
m a unit of time measures its cmgvla/r vdodty ; and, from the 
explanation just made about the comparative revolutions of two 
wheels, it is evident that their angular velocities are also inversely 
as their radii. 

86. It is quite evident that but little power could be trans- 
mitted from A to B, or the reverse. In otier words, if B offered 
great resistance to being turned, A would either merely slip 
upon it without turning it; or, if the two wheels were very 
severely pressed together, their surfaces of contact would be 
speedily ground away. 

In the light of these facts, the object of gearing is to enable 
either wheel to turn the other against a great resistance, and also to 
preserve the same relations of motion that have just been stated. 

The gearing itself consists in suitably-formed, alternate ribr 
and grooves on the surfaces of contact of the two cylinders, so 
that they shall not merely be tangent to each other, but shall 
take hold of one another. Let us proceed to see how this can 
be done. 

87. Since cylinders ai« each of equal cross-section flirough- 
out, let the revolving tangent cylinders be represented by their 
circular sections, which will be sufficient for all purposes of 
explanation. Then, with A as a centre. Fig. 40, which is double 
the size of Fig. 39, strike two circle^, AD and A£, equidistant 
from the circle AC, within and without. Do the like with B, 
as a centre with respect to the circle BC, so that D and £ shaU 
be points of contact, as shown. 

Kow conceive teeth to be formed, as shown, on each wheel, 
and BO shaped as to be in contact at C, where thei/r action is 
most efecttud. Also let them be so shaped as to begin and end 
their contact, as at n and Oy at equal distances within the circles 
AC and BC. Thus the average distances from A and B, of all 
the points of contact of the teeth which are in contact at once, 
are AC and BC. Hence, wheels armed with such teeth will 
move with the same equal velocity at C, and with the same 
relative number of revolutions as did the original tangent cylin- 
ders, AC and BC. 

Again, the teeth must be equal in width, and equally dis- 
tributed on the two wheels, in order to preserve the same rela- 
tive veLxsity between the two wheels. Hence the numher af 
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ieeth on each wheel will be directly as its radius. Thus, if BC 
i= f of AC, and if the wheel A has 24 teeth, the wheel B will 
have 16 teeth. 

88. The several' parts of the teeth and their governing circles 
may now be defined. 




The circles which are tangent at C, and which represent the 
original cylinders from which the wheels are formed, are called 
jntchrdrdes. 

The distance, as ab, between similar points of two successive 
teeth is the pitch. The pitch is necessarily the same on any two 
wheels that will work together. 

The parts, as^, are called the points of the teeth ; while bbe 
lines, as at R and B, are their roots. 

The circles AF and BG are the root-ci/rcles. They are a little 
within the circles AD and BE, so that the points of the teeth of 
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one wheel shall not strike the lim of the other wheel on the 
spaces, BT, between the teeth. 

The circles AE and BD are iiie pomt-^des. 

The portions of the sides of the teeth, as atj^a, are Hxe/iices of 
the teetiL The parts, as from d^ to B, are ^ejlanks of the teetL 

The spaces, as cb, between the teeth, are a little greater than 
the widths, as aCy of the teeth ; both distances beipg taken on 
the pitch-circle. This prevents the teeth from getting wedged 
together. 

89. It is now necessary to describe the construction and some 
of the properties of a class of curves, which, as will soon be 
seen, are of use in giving the true forms to the teeth of wheels. 

These curves are the cycloid, epicycloid, hypocycloid, and 
mvolute. 

When any curve. A, PI. XVIII., Fig. 1, roUs upon any other 
curve, B, any point, as T, of the rolling curve generates or de- 
scribes a curve of the class called Trochoids. The above- 
named curves are merely the most familiar and practically use- 
ful trochoids. In their formation, either the rolling or the fixed 
lines, or both, are circles. Either one, but not both at once, 
may be a straight line. 

90. The common cycloid, or simply the cycloid^ AK, PL 
XVIIL, Fig. 2, is the curve generated by any point, as A, of 
the circumference of a circle, as OA, which rolls on a fixed 
straight line, AB. If the rolling curve be any other than a 
circle, the curve generated will still be a cycloid, but the above 
is the com/mon cycloid. A similar remark applies to each of the 
f ollovring cases. 

91. The epicycloid, AD, PL XVIIL, Fig. 3, is generated by 
a point. A, of {£ circle, AO, which rolls upon a fixed or hose 
circle, AB. The two circles may have any relative size. The 
epicycloid has two varieties, the external epicycloid. Fig. 3, 
where the centres, Q and O, of the given circles are on opposite 
sides of their point of contact, A ; and the iMemal epicycloid, 
Fig. 4, where those centres are on the same side of the point of 
contact In the latter case, the rolling circle is the larger one, 
and its concavity rolls upon the convexity of the fixed circle. 

92. The hypocycloid, AK, ok, AK', PL XVm., Figs. 6, 
6, is the curve generated by a point, as A, or a, of a circle, OA, 
which rolls on the interior of a larger fixed circle, AB. 

93. The involute, AC, PL XVUI., Fig. 7, is the curve gen- 
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erated by any point, A, of a straight line, AD, which rolls upon 
a fixed circle, AB. It is thus the curve described by any point 
of a thread when unwound from a circular plate. This is, 
strictly, the common involute. If the fixed curve be any other 
than a circle, the involute would be an involute of that curve. 

The construction of these curves by points will now be ex- 
plained. 

Pbobleh nL 
To Conatrucft a Cycloid. 

Rrst Oon8trucHon.—Let AB, PI. XVIII., Fig 2, be the base 
line, and OA the rolling circle. By the definition of the curve 
set ofE from A, on the circle, spaces — ^1 ; 1 — 2, etc., equal to 
— 1 ; 1 — 2, etc., on AB. When the corresponding points, as 
2, 2, coincide and become the point of contact of the circle and 
base line, the centre, O, will be at the point 2 on the line OD, 
parallel to AB. This line is therefore divided in « the same 
manner as AB. Also the point A of the circle will then have 
risen to the same height above AB that the point 2d now has, 
and hence will be found somewhere on the line cdy through 2, 
and parallel to AB. The like is true for other points. Hence 
take the successive points 1, 2, etc., on OD as centres, and the 
constant radius, OA, and describe arcs, which will be parts of the 
successive positions of the rolling circle, and where these arcs 
intersect the horizontal lines 1 — 1, 2 — 2, etc., will be points 1,- 
2, 8, etc., of the cycloid. 

Second Construction. — To avoid acute and indistinct inter- 
sections, as at 1 and 7 on the curve, make ah r=^cd^ ef=z gh^ etc., 
to find the points of the curve, instead of drawing the succes- 
sive positions of the circle OA. 

Fundamental properties^ apparent on inspection. Mrst^ The 
distance from A to where the point of the circle again coin- 
cides with AB is evidently equal to the length of the circum- 
ference of the rolling circle. Second^ The extreme distanccj 
8 — 8, of the curve from the base line is equal to the diameter 
of the rolling circle. Thirds When the centre O moves uni- 
formly on OD, the generating point, 0, moves most rapidly, both 
on the curve and in the direction of AB, when at K, as is 
obvious on comparison of the spaces — 1 ; 1 — 2 , 
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7 — 8, etc., on the curve, which coiTeepond to die equal spacea 
0—1, 1—2, etc., on OD. 

Pbobi^em IV. 
To Construct an Exterior Epicycloid. 

Let Q,P1. XVni., Fig. 8, be the centre, and QA the radius oi 
tlie base circle, and let OA be the rolling circle. The con- 
struction, as may now be seen by inspection, is so exactly analo- 
gous to that of the cycloid that detailed description is 
unnecessary. — 1, etc., on the circle OA = — 1, etc., on AB. 
When 1, 2, etc., on AB come to be points of contact, 1, 2, etc, 
on OC are the corresponding positions of the centre of the 
rolling circle. OC is drawn with QO for a radius, and Q 1 — 1 \ 
Q2 — 2, etc., are its successive radii, through 1, 2, etc., on AB, 
to find 1, 2, etc., on OC. Then, as in the cycloid, the point 2, 
for example, on the epicycloid AD, is found at the intei-sec- 
tion of the arc 2 — % with the arc having the centre Q, and 
radius Qfii ; or by making ab = cd. 

The fundamental properties are the same as those mentioned 
in the last problem. 

Pbobleh V, 
To Construct cm Interior Epicydoid. 

Here, again, PI. XV ill.. Fig. 4, the constniction is so similar 
to that in the two preceding cases, that it is sufficient to point 
out the given parts. 

The circle QB is the fixed base circle. The circle OA is the 
rolling circle. As it rolls, its centre O describes the circle QO. 
The points, 0, 1, 2, etc., on the circle QO, are the successive 
positions of the centre O, when 1, 2, etc., on the circle OA 
come to be the points of contact. AD is the epicycloid, and, 
as before, when 2, on circle OA and 2 (ti) on QA unite as a 
point of contact, A will have removed as far radially from the 
circle QA, as 2 on OA now is from the circle QA. Hence A 
will be found on the arc 2 — 2, having Q for its centre, and at 
its intersection with 2 — 2 having {Jc) 2, on circle QO for its 
centre. Or, as before, make cA-^cd and ef=gh^ to find tlie 
points 8 and 4, for example, of the epicycloid. 
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The secoiid property in Prob. IV. must here be modified to 
read, tliat tlie extreme distance of this epicycloid from the base 
circle ^vill be equal to the difference, BK, of the diameters oi 
the rolling and base dixsles. 

Pboblkm VL 
To Construct any Hypocydoid. 

The construction, PI. XVIIL, Figs. 5, 6, is again so closely 
analogous to the preceding cases, tliat it only seems necessary 
to point out tha different cases. AK, Fig. 5, is the hypocydoid 
generated by the point A of the circle OA rolling from A 
towards B on the inner side of the circumference QA. The 
circle OD is the path of the centre, O, of the rolling circle. 
Equal distances, — 1 , etc., = — 1, etc., are laid off from A on 
both circles, and any point, as 4, of AK, can be found at the in- 
tersection of the arc as 4 — 4, with centre Q, and the arc, as 
4 — 4, with centre 4 on OD ; or by making ah^szcd. Observe 
that when, as in this case, the radius, OA, of the rolling circle, 
is more than Judf of Q A, that of the base circle, the hypocy- 
doid, AK, and the motion of the circle O A, are on opposite sides 
of the initial radius OA. 

In the same figure, ak is the hypocydoid, constructed just as 
before, generated by the point a, of the circle oa^ which rolls 
towards J, on the inner side of the circumference Qa. Here, where 
the radius of oa is less tha/n Judfoi Qa, the motion of the circle 
Oa, and the hypocydoid, ak^ are both on the samie side of the 
initial radius oa. This result prepares the mind to apprehend 
the intermediate case, shown in Fig. 6, where the radius, OA, 
of the rolling circle \&just haZfoi QA, that of the base circle, 
and the hypocydoid becomes a diameter AK. 

The fundamental properties mentioned in Prob. III. bold 
good for the hypocycloids. 

Pboblem VIL 

To Construct the Involute of a Cvrde. 

Let the circle OA, PI. XVIII., Fig. 7, be the fixed cude, 
;and AD the straight line which rolls upon it As in the pre- 
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eediiig problems, the rolling spaces of AD, and the correspond- 
ing circular arcs rolled upon, are necessarily eqnal. Hence set 
off equal distances, from A on AB ; draw a tangent to the 
circle, at each of these points ; and then, with 1 on AB as a 
centre, and lA as a radius, describe the arc Aa to intersect the 
tangent 1 — 1 at a. With 2, on AB, as a centre, and 2 — a 
as a radius, describe the arc ab^ giving b on the tangent 2 — 2. 
In like manner any number of points on the involute AO may 
be found. AO, as thus f oimd, is, of course, not a perfectly true 
involute, since the radius of the latter should change at each 
instant; but neglecting the slight error of taking the chords 
1 — ^A; 2 — ^1, etc., on AB as equal to their arcs, the points 
a, hy 3, etc., of the involute are exact 



Theobeh X. 

In aU the curves just described^ the tangent^ at amypomt^ is 
perpendicular to the line from that point to the correspondAng 
point of contact of the roUmg and fixed Unes. 

This theorem becomes evident by simply considering that 
the rolling circles are of an invariable form and size, and 
hence, as ui PL XVIII., Fig. 2, afford a geometrically inflexible 
connection between any point, as 4, of the cycloid, etc., and 
the corresponding point of contact, 4, on AB. That is, the 
chord mt (ft^ Fig. 8) is a fixed line for the instant that t is the 
point of contact of the rolling circle and base line. In 
other words, m (f) is at the same instant about to describe a 
circular arc about ^ as a centre. Hence a perpendicular to mt^ 
at m, will express the direction of this instantaneous circular 
effort, and will, therefore, bo the tangent at m. 

like reasoning applies to Figs. 3, 4, and 5. In the case of the 
involute, the point i, for example, evidently tends for the in- 
stant to describe a circular arc about 2, on AB, as a centre. 
That is, the tangent to the involute at & is perpendicular to the 
line he 

Theobem XL 

The relative position of two circles is the same^ whether one 
rolls over a certain arc of the other^ which is fiosedy or both re* 
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voloe on fixed oerUrea tiU they have had the same amawju* yj 
contact as "before. 

Let the circle A, PL XVIIL, Fig. 8, roll over the arc G'C, 
on the circle B, which shall be fixed. CD', etc., = c'd\ etc ; 
C'G' = c'g\ and the radius AG' will be found at Kg*. iNow 
turn the entire system about B as a centre till the line of 
centres BA' has returned to its original position, BA. The 
point g' will then appear at g ; A! at A ; c'g' at Ojf / O'G' at 
CG; gKR will be eqiml to /A'B, and GV = CG. But the 
latter result is just that which follows from the revolution of A 
and B on their centres, while in contact, without slipping, at C. 

Thus the relative position of the two circles in the two 
is the same, as stated in the theorem. 



Theorem XIL 

7^ relative position of three circles^ which maintain a com- 
vion point of contact^ is the same^ whether one of them is fixed^ 
or aU revolve on thei/r centres. 

Let B, C, and A, PI. XVIIL, Fig. 9, be the centres of the 
diree circles. If A roll on B, from D to D', we shall have 
d'd' = DD', and every point of d"d will have been in contact 
with DD'. If the circles C and A maintain the same point of 
contact, d^ that point will be found at d'^ and at 0'. If, then, 
the circle roll from its position C'd to C"(f", we shall have 
d"d''' = d''d' = D'D. Hence, if circle C roll on B from D 
to D', we shall have d'd"'' = D'D =rf"rf'. Thus, when the 
centres B, 0, and A have in this manner reached B, 0", and A', 
the circle C has virtually rolled on tlie exterior of B, and the 
interior of A, and over an equal length of arc on each. 

Now revolve the entire system about B as a centre, from the 
position BC"A' to BCA, and D'D wiU appear at DD" ; d'd' 
at dd''\ and e?"e?"" at dd', and we shall have DD" = dd'^' = 
dd". But the result DD" = dd^ is just what f oUomts from the 
revolution of B and C on their centres with purely rolling con- 
tact at d. Also DD" = dd^'' expresses a like motion of B and 
A, and dd^ = rfi?'" a like motion of C on the interior of the 
circumference of A ; which satisfies the enunciation. 
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Theorem XIH. 

In the ToUing of three drcUs^ with a common point of con- 
tact J way point of the inner circle wiU describe an epicycloid 
upon the circle on which it roUs, and a hypocycloid within the 
remammg circle, Theee curves wiU he the proper cv/rveafor 
teethy acting tangent to each other, to give a rolling motion to 
the circles to which they belong. 

The separate motions of the pairs of circles, B and A, PL 
XYIIL, Fig. 10, being seen, when analyzed, to be as explained 
as in the last theorem, it is clear that the point of contact, m {d. 
Fig. 9), of the inner circle, A, will describe an epicycloid, as 
Q'A' on the circle B, which, after revolution of the system from 
BE' to BE (BA' to BA, Fig. 9), will appear at QA. Also that 
the same point of contact, m, when circle A rolls from A" to A' 
(circle C, Fig. 9, from C to C", or, what is the same, from C" to 
C), will describe the hypocycloid d'h\ which appears at dh. 
But note that for the three circles to have constantly a common 
point of contact, is for A to roll simultaneously upon B, and 
within E. Hence the point m of the circle A simultaneousJy 
generates the epicycloid Q'A' (QA) and the hypocycloid d'h' 
{dh). These curves, thus having at each instant one common 
point, will therefore be constantly tangent to each other at the 
position for the moment of that point. And as their common 
normal constantly passes through the common point of contact 
of the three circles by Theorem X., as mA passes through m, it 
follows that the constant contact of QA with dh will maintain a 
constant contact of the circles B and A. For A and q are 
always at the same distance from m, on the same line m {gh). 

We have now the following fundamental theorem of gearing. 



Theorem XIV. 

When any circle^ less than either of two given pitch-circleSj 
rolls on the exterior ofhoth, and on the interior of both, it will, 
in the former case, generate the faces of the teeth of both wheels, 
a/nd in the latter tJiei/r flanks. 

This theorem is little more than a slight expansion of the 
preceding, expressed in technical terms. The epicycloid QA, 
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PL JLViil., Fig. 10, being external to the pitch-circle, B, any 
Bmall portion of it, limited by ^^povnirci/rcle^ concentric with B, 
and a little larger than it, would be a face of a tooth of B. 
Likewise the hypocycloid, dA, being internal to the pitch-circle 
B, a Bmall portion of it between that circle and a concentric 
root^de (88) within it would be the jfcw^ of a tooth of R. 

Now it is obvious that, if the same circle A were to roll upon 
R and within B, similar results to the foregoing would follow ; 
which proves the theorem; since, by the last theorem, these 
curves would always have a point of contact. 

The circle, as A, Fig. 10, which thus carries the generating 
point of the tooth-curves, is called the describing ovrde. 



TnBOREM XV. 

Iwoohitea arejproper curves for the teeth of wheels. 

A general proof of this would be that llie rolling straight 
line EN, PL XVIII., Fig. 11, any point of which generates an 
involute, is but the extreme case of the rolling circle, viz., that 
in which the radius is infinite. But the generating line does 
not roll directly upon the pitch-circles, since the teeth would 
then be wholly exterior to the pitch-circles. Hence the gen- 
erating line is taken, as at EN, tangent to base-circles within 
the pitch circles of the wheels, and containing the point of con- 
tact. Any point, as d^ on tha line EN, will then generate the 
involute, de^ of the base-circle, BN, of the wheel B; and the 
involute dfoi the base-circle, AE, of the wheel A. 

Any other point, as n, will generate the involutes F and G. 
Now, as all involutes of the same circle are equal curves, and as 
the common generatrix of both involutes, whether d or n, is on 
the line EN, the point of contact of any given pair of involutes 
will be on EN, and thus F and G may simply be regarded as 
new positions of the involutes f and ^, caused by a rotation of 
the circles having A and B for their centres. 

Now this result secures a roUing contact, or an equal velocity 
of circumference, at C, and hence an angular velocity of each 
wheel inversely as its radius, for we have by the definition of 
the involute 

«* = «N-*N = <iN-nN=:En-E(?=EF-Er = rF; 
or, ^ = rF; that is, the circumference velocities of E and N 
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are eqnid. Bnt, by tho similar triangles, AEC and BNC, the 
radii of the pitch-circles are to each other as the radii of the 
base-circles. Hence the circumference velocities of the pitch- 
circles also are eqnal^ which secures their rolling contact at C, 
as stated and required. 



Theobem XYI. 

jT^d Ueth act ly slidmg corUcust^ a/nd ihevr povni of contact 
is on the generating line. 

Firsts That the teeth of wheels act by sliding contact 
is evident from PL XVIII., Fig. 10, where, when the wheels 
A and B revolve through the arc MQ=wrf, the portion, Qj^, of 
the face curve of the teeth of B has been in contact with eveiy 
point of dhj since both are, as before shown, generated simul- 
taneously by the same point m. But Q; being obviously 
much longer than dh^ there must have been a sliding contact 
between them, equal to the difference of their lengths. The 
same property is evident in the action of involute teeth, PI. 
XYIIL, Fig. 11, since, for the instant in which all parts have 
the position there shown, the velocities of £? as a point of dSy 
generating de^ and as a point of (2E, generating fr^ are as the 
momentary radii dS and dE. 

Second, The point of contact of the tooth curves is always 
on the generating circle, simply because one and the same point 
of that circle is the cx>mmon generatrix of both. 



Thbokem XVIL 

Teeth, formed hy either of the preceding methods^ give a cofi- 
etcmt a/ngutoT velocity ratio to the wheele which ca/rry them. 

This has, in.efFect, been already shown for wheels with in- 
volute teeth, PL XVIIL, Fig. 11, by means of the similar tri- 
angles AEC and BNC, in which EN constantly passes through 
C, and therefore BO and AC, the radii of the pitch-circles, are 
constant segments of the line of centres, and always pro]>or- 
tional to BN and AE, which are constant. 

For tho case of epicycloidal teeth, see PL XVm., Fig. 10. 
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Now, first, by Theor. X., and since the tooth curves are in con- 
tact at the position, for the moment, of the common generatrix 
hj of dh^ and q of Q^, their common normal constantly passeir 
through M, the point of contact of the pitch circles. 

Second, to maintain contact as at qh, all points of die indefi- 
nite common normal, A^, must at each instant be moving with 
the same velocity in the direction of that line. Hence the an- 
gular velocities of r and e are as the radii, Rr and B^, drawn 
perpendicular to that line. But the ratio B« : llr is constant, 
since those lines are proportional to BM and EM, which are 
constant That is, the ratio of the angular velocities of points 
r and ^, whose velocities are determined by the action of the 
teeth, is constant ; and therefore that of the pitch circles is so 
also, because the common normal divides the line of centres into 
constant segments, by passing always through the point of 
contact of the pitch circles. 

94. The wheel which actuates the other is called the drvoer. 
The other is called the follower . 

When the wheels revolve so that B, PI. XVIII., Fig. 10, 
turns to the right, the pitch circle arc, as QM, through which 
action takes place between the tooth curves, beginning at y, is 
called the a/rc of approach. If the wheels should revolve so 
that B should turn to the left, the same arc would be termed 
the arc ofre&38siony since it is the arc through which action takes 
place while the points M and m are receding from the line of 
centres to the positions of Q and d. The sum of the two is the 
arc of action. 



Theobem XVIIL 

Within certain limits^ thefaoe of a drvoer acts "best vpcn the 
fank of a foUowery and dwring the a/rc of recession; b:U for 
either of a pair of wheds to he a dri/Der^ the^ teeth of each 
must have both faces amd fiamks. 

Since iheface of the driver acts upon \he flank of the^^ 
lower J during the arc of recession^ it f ollovrs that, if the motion 
be reversed, so that in PL XYIII., Fig. 10, for example, tho 
circumferences of the pitch circles, E and B, shall roll to the 
righty through M, the former arc of recessumy when motion 
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\vii8 to the left through AI, will become the a/ro of a/pproad^^ 
aiid the flank, dk^ of the wheel, R, will posh the face, Q;, of 
the wheel B. 

Kow: First. It is found experimentally that the friction 
between the teeth is, at least within certain limits, more abrasive 
and vibratory during the arc of approach than during the arc 
of recession. Hence, if one of a pair of wheels were to be 
only and always a driver, it would be desirable that its teeth 
should only have faces, and the other wheel's teeth only 
flanks. But it is also important that any one pair of teeth 
should not quit contact with each other before another pair 
should come into contact. Indeed, to distribute the pressure 
better, two or more pairs of teeth should be in contact at once. 
Now, if this last condition be fulfilled in the arc of recession 
alone, it might require teeth so long as to make the friction be- 
tween them as severe as during the arc of approach. This is 
evident by comparing the spaces 5 — 6, on the curves, in PL 
XVIIL, Figs. 3 and 5, with the point y. Fig. 10. For the gen- 
eratrix of the epicycloid. Fig. 3, moves as there seen with rapid- 
ity, but that of the hypocycloid. Fig. 5, with slowly increasing 
velocity. Hence, Fig. 10, there is more sliding contact between 
h and ^, than when Q and d are in contact. 

Hence, as a balancing of advantages of action, as well as to 
allow either wheel to drive, both wheels have teedi having both 
faces and flanks. 

Second. Tliat the action of Kfaoeoi the driver^s tooth upon 
the^n^ of a follower's tooth takes place in the arc of recession, 
is evident from Fig. 10. Let the wheels, R and B, revolve, so 
that their circumferences shall move to the right through Q', 
until the initial points, Q and dy of the indefinite tooth curves 
shall have passed beyond Q'. Their curves will then no longer 
be in contact, but let the wheels revolve to the left, and these 
curves will begin contact at m; Q'q' acting against ^, then at 
mky since m is the initial position of their common generatrix, 
and will continue in contact in departing from the line of oen- 
ti-es AB, to the left, till one or the other curve is limited. 

95. The proportions practically adopted by millwrights are 
grounded, whedier intentionally or not, on a proper balancing 
of the foregoing principles. 

As differently given, these proportions are as follows : — 
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Pitch = 1. 

5 7 

Widtli of tooth on pitch circle = tt ^r :r^ 

" space " " ~ TT ^^ rS 

Eadial length of tooth face = ^7^ <>r :r? 

" ^ « flank= -- or ^ 

96. For wheels of very few teeth, the teeth should be lon^ier 
than these proportions give, in order to afford a suflScient arc of 
action. The common generatrix of the tooth curves being or 
the describing circle as A, PL XVIII., Fig. 10, or straight line, 
as £X, Fig. 11, the teeth may be limited by simply assuming 
any point, as n^ Fig. 10, or dj Fig. 11, according to the direction 
of rotation considered, where contact shall begin or end, and 
drawing the point circle of the wheel, as B, through that point. 

97. When the describing circle of the teeth is equal to either 
given pitch circle, the hypocycloid generated by a given point 
of it reduces to that point itself, since evidently no ix)lling mo- 
tion of the describing circle can, in that case, take place within 
the equal pitch circle. 

98. We have now all the data necessaiy for determining the 
forms of the teeth of wheels, on any given pitch cirdeSj or lines^ 
as in the case of a rack. Moreover, if we consider a bevel wheel 
as composed of indefinitely thin laminse, of decreasing size, and 
perpendicular to the axes of the wheels, any two corresponding 
laminse may be regarded as a pair of spur-wheels, whose teeth, 
at the principal point of contact, i.e.j on the element of contact 
of the pitch cones, will be in the same plane. And if we fur- 
ther regard a spiral gear (84) as composed of such laminae, each 
set an indefinitely small distance, angidarly, in advance of tlie 
preceding one, t^ese laminae, also, will be merely thin spur 
wheels. And, finally, plane sections of hyperboloidal wheelsf 
perpendicular to their axes, and thi*ough a common point on the 
element of contact of the pitch hyperboloids, will bo simply 
spur wheels, only not Ijring in the same plane. 

Hence the foi'egoing principles are sufiicient for every case 
with which we have to do. 

99. These cases are as follows, for all foims of spur gearing; 
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and the solution in each case follows directly fi-om Theoremg 
XIY. and XV., or from the simple modifications which result 
from making the describing circle equal to h/df of a pitch 
circle, or equal to a pitch circle, or infinite, i.^., a straight line^ 
as in involute teetL 

I. — Oeneral Solution. 

1. Common Spter-wheele — PL XXI., Fig. 4. — In the general 
case, use the same describing circle, D, for both wheels, making 
its diameter less than the radius, BT, of the least pitch circle, 
Theor. XIV., in order that convex faces may act against concave 
flanks. Then the faceg of their teeth will be the epict/- 
doids generated by a point,, as T, of D, when rolling on the 
exterior of each pitch circle ; and their jlanke will be the hypo- 
cycloids generated by a point, as T, of the same circle, when 
rolling on the interior of the pitch circles. 

3. A Spv/r-wheeL with an Annular Wheel. — The teeth of the 
spur-wheel would be formed as in the preceding case. The 
pitch and point circles of the annular wheel, PL XXI., Fig. 7, 
would be within its root circle, and the faces of its teeth will 
be hypocycloids, and their flanks, epicycloids. 

Thus, the face, T^, of the spur-wheel is generated by the 
point T of the circle D, rolling on the exterior of the pitch 
circle Tp', The Jlaiik, Tc, of JB, is generated by T as D rolls 
within Tp'. The face^ TJ, of A, is a hypocycloid generated by 
T as D rolls within Tp, the pitch circle of A ; and, finally, tlie 
flank, Ta, is generated by T as D rolls on the convex side of Tp. 

3. Spur-wheel and Back. — The spur-wheel teeth being as 
before, both faces and flanks of the rack teeth will be ijycloids, 
generated by the rolling of the same describing circle on botli 
sides of its pitch line. The student can, therefore, readily con- 
struct a diagram of this case, which should be made to scale 
from assumed measurements. This can be done after reading 
the example of the spm*-wheel. 

n. — The Describing Circle equal to half the Pitch Circle. 
1. Spv/r-wheds. — ^In this case, the flanks of the teeth of both 
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wheels will be radial and straiglU, as in PL XIX. The faces 
will be epicycloids, and, by Theor. XIV., the faces of either 
wheel, and the flanks of the other, wUl have the same describing 
circle. 

Such wheels may be more easily made, but they have the dis- 
advantage over those formed by the general solution, which in 
shown in the following^— 



Theorem XTX. 

Any two wheels of the same pitch, formed hy the general 
solutiouj with a constant describinff circle, will work together ; 
hut one made hy the second solution vnll work perfectly only 
wi4;h those of one other nwmher of teeth, and the same pitch. 

To prove this, suppose a wheel. A, of 40 teeth, to be adapted 
to work with one, B, of 50 teeth. The describing circle, a, for 
the. faces of B to act upon the flanks of A, Theor. XIV., will 
have for its diameter the radius of A, Now let C be a wheel of 
70 teeth, and of the same pitch as A and B have. 

Then the faces of B,to act upon the radial flanks of C, should 
be epicycloids generated by a point of a different describing 
circle, c, whose diameter will be equal to the radius of 0. Thus 
the faces of B will be different, according as it ia to drive A or 
0. But by the general solution both f ace^ and flanks of all the 
wheels are formed by a point of the same describing circle, henoe 
any two of them, of the same pitch, will work together. 




9. Spur-wheel amd Rack. — ^liCt A be the pitch line of the wheel, 
ftud B that of the rack. Let CT be the describing circle for 
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the /aces of the rack B,nd Jlanks of the w?ied. Then the fonner, 
aby will be cycUyidSj and the latter, radii of the circle OA. 

Kow, under the same solution, the radius of the rack pitch 
line being infinite, the radius of its describing circle will be 
infinite also, and this circle will coincide with BT. Hence the 
radial JUmks^ ac, of the rack will become perpendicular to BT, 
and the /aces of the wheel, being generated by a point of BT, 
wiU be ifwohttes of the pitch circle OA. By Theor. XYL the 
contact of the teeth will be in the line BT, during the arc of 
(ipproachy when the rack drives; and during the arc o/ reces- 
sion when the wheel drivee. Thus, during a part of the action, 
the teeth come in contact only at a single point of each, which 
is disadvantageous, by occasioning unequal wear. 

The application to annular wheels is too obvious to need de- 
tailed rehearsaL The student can construct the case. 

nL — 2%e Describinff Circle^ egyuiL to one o/ike Pitch Circles. 

1. Pimrwhed and Spur-wheel. — ^Let A and B be the centres of 
two pitch circles, in contact at T, and let the circle A also be the 
describing circle, and^, a position of the generating point of a pair 
of tooth forms. Circle A, attempting to roll within itself, will 
have no motion, and the resulting hypocycloid Jlank of A will 
be only the pointy. But let the same circle roll on the exterior 
of B, and the same point, ^, will generate the epicycloidal /aoe^ 







pibj of B, which will always be in contact with a linear pin, 
perpendicular to the paper at py the contact beginning at T and 
9 
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eontinomg to the left, motion being in that direction, as 
shown. 

Complete teeth being thus formed, B would drive A in eithei 
direction. 

Were A to drive B, the pin jp would push against the fiice pJt 
during the arc ofa/pproach towards T. 

If, as in the practical case, the pins of the pin wheel are of 
sensible diameter, as at P, the face curve, PK, of the teeth of B 
will be within the former one, K', and normally equidistant from 
it by the radius of the pin P. 

It is found in practice, that the friction during the arc of 
approach is more injurious than during the arc of recession. 
Hence the pin wheel is usually the follower. 

2. Pinr^Jied and Back, — ^Either may drive, and, by the 
last principle, the pins will be given, in each case, to the follower. 




Then, first, let the rack be the driver. The pitch circle, AT, 
will then be also the describing circle of wheel A, whose teeth 
will be linear pins, as before, and the teeth curves of the rack 
B will be cycloids^ whose base line is BT. 

Second : let the wheel drive. The describing circle will then 
coincide with the pitch line of the rack ; and hence the tooth 
curves of A, being generated by the rolling of BT upon the 
pitch circle, will be involutes. 

In each case, the tooth curve corresponding to a pin of sensi- 
ble diameter could be obtained as before ; but in the last case 
the derived involute would be identical in form with the primi 
tive one. 

8. Amivlwr PinrwTieda, — It is readily obvious, that if the 
annular wheel drive, its teeth cun-es will be hypocycloidaL If 
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the annular wheel be a follower y the tooth curve of the other 
wheel will be the internal epicydoU generated by rolling the 
concwve side of the pitch circle of the annular wheel upon the 
convex side of tliat of the driver. The final curves in every 
case being at a normal distance from the primitive ones, equal 
to the radius of the pin. 

In every case, of course, the rim of the whedj or rocky rrmst be 
hoUowed out between the teeth^ to allow of the passage of the 
pins. 

IV. — Sohition by Involute Teeth. 

1. Spur-wheels. — These have been mostly explained already 
(Theor. XV.). It need only be recalled here that outlines of 
involute teetii consist of only a single curve, instead of a sepa- 
rate face and flank, uniting at the pitch circle. These teeth are 
also stronger than others, being wider at the base. They also 
possess the valuable property of allowing the same wheels to 
work together with a constant velocity ratio, though the distance 
between their centres be changed. This arises from the facts 
that all involutes of the same circle are equal curves, and the 
base circles may be constant while the pitch circles change ; 
and that the common generatrix of both involutes which are in 
contact, is the same point on the same line, which rolls succes- 
sively on the constant base circles. This may be easily made 
perfectly evident by a figure similar to PL XVIIL, Fig. 11, 
only in which the distance AB shall be changed. 

Since, however, the pressure between involute teeth is always 
in the direction of the generatrix, EN, that being their common 
normal, a component of this pressure will act in the direction 
of the line of centres ; while in other forms of teeth their pres- 
sure, where most effective, that is^ in passing the line of centres, 
iajperpendicular to that line. 

Involute teeth are therefore considered less advantageous for 
the transmission of great pressure than for the transmission of 
motion, for which they are especially adapted. 

2. Spur-wheel and Hack. — ^Let AT be the pitch circle. Fig. 
44, of the wheel, and AC its base circle. Let BT be the pitch 
line of the rack, and HTti, tangent to AC, the generating line. 
Then the involute, HK, will be one of the tooth cun^es of A. 
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Tlie base circe of the rack is at once concentric with ItT, and 
tangent to HT. That is^ it is infinite, and its contact with HT 




Fio.44 

is at an infinite distance from T. Hence, when HTn rolls npou 
this base circle, any point, as H, will merely describe a recti- 
linear involute, as Hm, perpendicular to HT, which will there- 
fore be the form of the side of the rack teeth* 

Since the rack moves in the direction BT, while the contact 
of the teeth is on HT, the contact of the teeth will not be at a 
single point as in the second solution (IL). 



Example XXXI. 

To construct the Projections of a Spwr- Whed^ seen first per- 
peTidicvlcMrly cmd then ohUqueby. 

After the preceding explanation of general principles, PI. 
XES!. may serve as a full example of the operations of drawing 
a spur-wheel. It may be asked : why make an oblique eleva- 
tion? Fig. 2. It would not be necessary in case of a single 
wheel, but some of the different wheels of a machine may 
sometimes be in planes which are oblique to each other. Hence 
the draftsman should by all means be competent to make any 
oblique view of a spur-wheel, or of any other part of a machine. 

PL XIX. represents a spur-wheel of 28 teeth and a pitch c f 
2^ inches. 

Then the radius of the pitch-circle will be — 

2^x28 = 11.14 inches. 
2» 



Digitized by VjOOQ IC 



MAOmNB OONSTBUOnOK AND DRAWING. 133 

Let the scale be from 2 to 2^ inches to the foot, according tc 
the convenience of the student ; or, from one-fifth to one-sixth 
of an inch to an inch. 

On some accounts, as in taking off unusual fractions of the 
inch more exactly, it may be better to construct a diagonal 
scale of fei3t, inches, and 8ths of inches. 

The scale of the plate is 2^ inches to the foot. 

Description amd Construction of the Circles of the Wheel, — 
O'a', Fig. 1, is the radius, 2^ ins., of the inner circle of the hub. 
C'J' is the radius, 4^ ins., of the outer circle of the hub at its 
end, and is seen in plan. Fig. 2, at Cb. CV is the radius, 4i 
ins., of the outer circumference of the hub, = B"o in Fig. 2, 

The circle of radius C'c', or, simply, the circle OV, is also 
the projection of the circle of junction,<3?"H",Fig. 2, of the hub 
with the feather, or rib, which connects the hub, arms, and rim 
together. CV, 5f ins., is the outer radius of this rib, where it 
surrounds the hub, that is, of the two circles containing the 
points I" and K", Fig. 2. Likewise G'g' is the radius, 8f ins., 
of the edges of that part of the rib which is attached to the 
under or inner side of the rim. These edges contain the points 
T" and P', Fig. 2, and lie in the planes gg and AA, Fig. 2, plan. 
C't' is the inner radius, 9 ins., of the rim, also of the circle jy, 
in Fig. 2, and through U'', Fig. 2, elevation, where the rib 
joins the inner surface of the rim. Finally, 07', 11.14 ins., = 
114- very nearly, is the radius of the pitch-circle. The other 
radii are found by construction. 

Tn making the drawing, a tooth may have any position rela- 
tive to the vertical centre line RS ; but, if bisected by that line, 
as in the figure, the equidistant teeth on each side will be on 
the same level ; which will much lessen the labor of making 
Fig. 2. 

It is only strictly necessary to make one quadrant, as XS, of 
Fig. 1, and half of either plan, since M'^Y is an axis of sym- 
metry of Fig. 2, EL, the portion above and below being just 
alike, while the vertical diameters of the several circles of the 
wheel, above described, and projected up from 0",B",A'^ 
D''^'^'jA"'\ etc., clivide the projections of those circles, in 
Fig. 2, symmetrically ; so that, for example, the point on the 
left side of the wheel, corresponding to Q" on the right, would 
be as far to the left of the vertical diameter through I)",D'" as 



Digitized by V3OOQ IC 



134 ELEMENTS OF 

Q" is to the right of that diameter. But it will be more ele- 
mentary and easy for the learaer to employ the whole plan ; 
though either upper quarter of Fig. 1, El., is sufficient. 

With the scale and size of plate here shown, take C, not over 
13^ ins. by the scale from the top and left-hand borders, and 
then draw, very finely and accurately, the circles above de- 
scribed. 

Divide the quarter pitch-circle, Z7", into seven equal parts ; 
or, to avoid puncturing this quadrant by repeated trials, make 
the division on any exterior and concentric quadrant ; and draw 
segments of radii, very fine, through the points of division. 

Take one of these divisions of Vl'^ as a scale of pitch, and 
divide it into 15 equal parts ; first into five equal parts, and 
then each fifth into three equal parts, all very exactly. 

Let the width of a tooth on the pitch-circle, as at V\ be ^ of 
the pitch, and the space between the teeth the remaining -^. 
Then, on each side of each point of division of the pitch-circle, 
as Z',Z",Z'", lay off 3i-fifteenths of the pitch ; and test the widtlis 
of the teeth to see that each space is just ^ of the pitch scale 
wider than a tooth. Or the whole pitch may be set off succes- 
sively, on the pitch-circle, from each side of the tooth V towards 
the one at l'\ or from l'\ likewise, towards the tooth V. Thus 
all the pitch-circle points will be located. 

For mere purposes of graphical construction, the faces, as v 
and v\ of the teeth may be circular arcs, whose radius is the 
pitch, and whose centres are on the pitch-circle. These arcs 
extend from the pitch-circle points, just found, to the povrvt- 
ci/rdej which is thus found. The extent of the teeth, beyond 
the pitch-circle, is 5^fifteentlis of the pitch. Then make Vm/ 
equal to 5^fifteenths of the pitch, and draw a new circle 
through 7a\ with C as a centre, for iie outer limit of the faces, 
as w'w'\ 

The flanks, as w'y"\ are here radial lines, whose inner limit is 
the root-d/rde^ Q'k'; found by making Vkf equal to 6i-fifteenths 
of the pitch. 

At this stage of the construction, the entire rim, with the 
circles of the hub, making the key-seat of any suitable size, may 
be inked, observing the obvious position of ihe heavy lines. 

This done, proceed with the construction of the arms and 
connecting-rib as follows : Let the taper of the arms be such 
that, if produced to the centre lines, XT and RS, they would 
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there be 5 ins. wide, and 4 ins. wide at a distance, as C^r>, of 5} 
inches from C. 

The ribs, as R', upon the arms, are unifonnly IJ in. thick 
throughout their straight part, as seen in Fig. 1. 

The constructions, as at «, q^p^ and r, for fin&ing the centres 
of the little arcs, by which the several intersecting edges of the 
wheel are rounded into each other, mostly explain themselves. 
It is only necessary to notice that the short portions, as W, of 
an arc which is rounded into a straight line, as un\ are treated 
as straight ; t^a is then a radial line, and ta is perpendicular 
to un\ and ut^ and ut are equal. The other constructions are 
similar. 

Construction of the Plans. — ^Only one finished plan, Fig. 2, 
is necessary. To make it, project down all the necessary points 
of each circle in the elevation of Fig. 1, separately, upon sep- 
arate lines, parallel to XY. Then construct the outlines of 
Fig. 2, plan, by the following measurements : The face of the 
wheel, as at Mt/i, is 6| ins. wide. Then, first, locate the rec- 
tangle Mmm", far enough to the right to separate Figs. 1 and 
2, suitably, and make its width 6f ins., and its length equal to 
twice Cm'. Draw its transverse centre line, C"A''", and make 
the hub plan 8} ins. for the extreme length, and 7f ins. for the 
length of the thicker portion cc'^\ 

Oonatrtbction of iKe Oblique Elevation, — ^Every point of this 
is found by the elementary operation shown in Fig. 11 ; on tlie 
one principle that each point, as m", is on a perpendicular, 7mn!\ 
to the ground lino from the plan, m, of that point, and at its in- 
tersection with the parallel, im!m!\ from the primitive elevation, 
m\ of the same point. 

Where many separate groups of points are to be constructed, 
and eacli group to be shown in separate projections, it is of 
prime impoi'tance, in order to secure ease and accuracy, and to 
avoid confusion, to construct each group separately, and in Fig. 
2, Elev., where each point is found from Figs. 1 and 2, plan, 
the whole construction for each point should he complete before 
begirming that of a new point. 

To illustrate, let us take the outermost ring of points m^'S'T 

Draw any line i)arallel to X Y, below Fig. 1, Elev., and upon 
it project down 0^ and all the points of the point circle 9/i'S, 
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only. Then transfer these points carefully to nvm!'\ Fig. 2, by 
the dividers, or hya slip of paper havmg these points exactly 
marked on its edge. Then draw the point lines of the teeth, 
as 1 — 1 ; 2 — 2, etc. Then project up all the points as 1, on 
mm/'\ one at a time^ and project over the same points, as w'\ 
from Fig. 1. The intersection of these projecting lines will give 
1', etc., on the oblique elevation, Fig. 2. In the same way find 
all the points of the point circle, w'S — mm'^' — w"S''. Then 
take a new line below Fig. 1, Elev., and parallel to XT, and go 
through a similar round of operations for finding the pitch 
circle points. In like manner, also, every point of Fig. 2, Elev., 
is found. It is only necessary to transfer the hori25ontal projec- 
tions of the diflEerent circles of Fig. 1, each to its proper plane 
in Fig. 2, plan. Thus, hy is the plane of the circles CV and 
C'i', of Fig. 1. B"c is that of C'c', Fig. 1. The latter circle is 
also laid oflE from D" as centre, in gg^ in Fig. 2, plan, to give 
the intersection, through H'', Fig. 2, Elev., of the hub with the 
rib. This rib is shown in plan. Fig. 2, by the dotted lines gg 
and AA, IJ in. apart. Then the circles O'e' and 0*g* are both 
laid oflf, both on gg and M, to give the front and back edges, 
through I" and K", and through T'' and Q", of the visible 
parts of the rib. G'i' is laid off on mm'^' for the front circle, 
i"i", of the rim ; on jj^ for the intersection of the web and 
rim, and on MP'", for the back circle through P', of the rim. 

The horizontal arms which are only seen edgewise in elevation. 
Fig. 1, are seen flatwise in plan, and are thus drawn : At their 
junction, as s"s^'\ with the hub, they are 6| ins. wide. They 
taper from a width of 6f ins., if produced to the axis, as at 
A''A''', to a width of 4f ins., at the distance of 8f ins. fix)ra 
the axis. Their extremities are rounded as shown in Fig. 2, 
plan. To find their oblique elevations, use their principal points, 
on Figs. 1, Elev., and 2, plan, that is, such points as t and L, ' 
where their straight and curved edges join. 

Further directions might only confuse the subject. By fully 
understanding from the foregoing how any one point of Fig. 
2, Elev., is found, all can be f oimd, since all are constructed in 
the same way. 

We only add some ways of checking the work. F^st. If 
lines pass through a point in space, their projections, on any 
plane, will contain the similar projection of that point Hence 
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all the danks on Fifj. 2 should radiate from A'", the projection 
of C'^", the centre of the face of the wheel. Second. Each 
circle, of the wheel will be vertically projected on Fig. 2, in an 
ellipse, which can be readily found, by construction from ita 
axes, as in (26, 27), and then points of these circles, as OO'', or 
NN'',can be projected up from Fig. 2, plan, or over from Fig. 1, 
Elev., upon iJiese ellipses. Portions of the curved edges of the 
web were thus found in Fig. 2, as that through e\e^e". Com- 
pare also corresponding radii, as D"'H", which is the same line 
as the radius C'G', Fig. 1. Third. The thickness of the rib 
being everywhere thei same, the lines ghy ef^ IK, etc.. Fig. 2, 
plan, are parallel, hence their vertical projections, as I"K", or 
Q"T'', are of constant length. That is, having any fix)nt circle, 
the points of the corresponding back circle, in Fig. 2, Elev., are 
found by laying ofiP a constant horizontal distance from its 
front points. Thus the back points, Wf>'\ etc., of the teeth, 
so far as visible, are found by laying off the constant dis- 
tance, Wm'\ from their front points. In like manner P' is 
found from P". Also, Q("W\ the vertical projection of GH, 
is constant ; as so is P"U'', the vertical projection of PU. 

100. Introductorily to the next example, we will here explain 
more in detail than hitherto the formation of a bevel wheel. 

Let V, PL XX., Fig. 7, be the common vertex of a pair of 
bevel wheels, and VJ the generatrix of the primitive cone from 
a frustum of which the wheel is formed, and let V V'' be the 
axis of this cone and of the wheel. This cone will then be the 
pitch cone of the wheel. Let Vrf be the generatrix of ^^pomt 
cone ; and Y/^ that of the root cone. Let the enas of the teeth, 
whose length is ho^ be conical surfaces, normal to the pitch 
cone. Then dN'^ and tiV are the generatrices, and N" and V 
the vertices of these cones. Now let the five generatrices, thus 
far described, revolve about the common axis V V". The 
points </, h and f will respectively generate the outer point, 
pitch, and root circles ; and n, o and p will generate the inner 
point, pitch, and root circles ; and all of these circles will be 
perpendicular to the common axis Y V". 
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Example YXTTT, 

To conatrucb the Projections of a Bevd Wheel wAose' ams 
is jperpendiciUcir to the vertical j>lane. 

Let W'— O' be the axis of the wheel ; let the following be 
its measurements, laid off to a scale of 2i inches to 1 foot, = 
tV of an inch to 1 inch, or of | or ^ of an inch to 1 inch, as 
may be most convenient. Make Va = lOf inches, and ah = 
am = llf inches, and draw iY for the extreme element of the 
pitch cone, mi is then the horizontal projection of the outer 
or greater pitch circle. Draw JV perpendicular to JV, and 
JV" will be the extreme or horizontal element of the cone con- 
taining the outer or larger ends of the teeth. 

With centre V and radius V'^J draw an arc JO, which will be 
the development of a portion of the pitch circle, mbj consider- 
ed as the base of the cone Y^^mb. 

With centre, O', and radius, O' J' = oJ, draw the vertical pro- 
jection, rnJu'V^ of the outer pitch circle, and divide each quad- 
rant of it into five equal parts, to obtain the pijfcch ; since the 
wheel is supposed to have 20 teeth. Lay off this pitch, which 
by measurement is 3f inches, once, on JC, from S, which will 
give the point B. 

Adopting the finer proportions given in (95), divide JB into 
fifteen equal parts, and lay off seven of these parts from h and 
B, to give the widths of the teeth SA and BC. Next, lay ofE 
J(? z= 6i of these fifteenths, to give rf, a point on the point circle 
(iF. Also 6i-fifteenths from h toyj giving^;^ a point of the root 
circle fH. Make fh = \\ inches, for the thickness of the 
conical rim which bears the teeth, and draw the arc, AE, of the 
development. 

We now have this set of four parallels to the ground line, 
viz. : dd'\ the outer point circle ; Jm, the outer pitch circle ; 
ff\ the outer root circle ; and hh'\ the outer rim circle. Pro- 
ject up. the three foremost of these, only, since the rim circle 
is hidden in vertical projection by the rim itself, giving the 
point circle, O'd! ; the pitch circle, O'J', already projected, and 
Oy^, the root circle. 

Eetuming to the plan, draw e?V, fY^ and AV, and on JN 
make J<? = 4J inches, for the length of a tooth. Then draw 
Y'on^ parallel to Y'\ for the extreme element of the cone 
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oontaining tlie inner ends of the teeth. The intersections of 
this line, with those already drawn to V, will be the extremi- 
ties of the inner point circle, nG ; the inner pitch circle, oM. ; 
the inner root circle, j?I; and the inner rim circle, jK, The 
vertical plane face, jK, of the wheel, is, however, rounded into 
the cone of the inner ends of the teeth by a concave double 
curved surface, as indicated by the curve at gp. Hence pro- 
ject up only the three foremost circles, giving the inner circles, 
0>', OWy and OV. 

Now, each point of division, as y, made in finding the pitch, 
is the middle point of a tooth, on the outer pitch circle, in or- 
der that, for convenience, the vertical line, O' V, shall be an 
axis of symmetry of the vertical projection. Then make 
yW = yu' = i JA, the width of the tooth in development, and 
do the same at each other similar point of division. Also, for 
each tooth make the point at «, where the outer point circle is cut 
by the radius, as O'y, and make «M'=: 8V^= iFF'', the width of a 
tooth at the point. Since the development shows the true form 
of the ends of the teeth, the curves, as WW and -w't?, may be 
drawn with sufficient accuracy, as circular arcs with their centimes 
found by trial on the pitch circle mlu'h^ taking care that all of 
them shall have the same radius. 

The flanks of the teeth being radial plane surfaces, as indi- 
cated in the development, their planes will all contain the axis 
W^' — O', and hence their vertical projections vrill simply be 
the straight lines, as u'%\ limited by the inner root circle Ojp', 
and converging to O'. Add the point lines, as M'Q', also con- 
verging to O', and the inner face curves, as Q'^", drawn as M'N' 
was, that is, with centres now on the inner pitch circle 0'o\ and 
the vertical projection of the teeth will be complete. To find 
the elevation, only draw the eye of the wheel witih a radius O V 
of 3f '^ L V is the key seat, of any suitable size. 

Before constructing the plan, it must be understood that it 
represents the wheel with the upper right-hand quadrant cut 
out ; so that the part to the right of V V'' shows the lower 
right-hand quarter, not seen in the elevation, and a section in 
the horizontal plane 0'd\ 

This being understood, project down the outer points, as M' 
and v\ of the Uft-hand half of the elevation, upon the outer 
point circle dd/\ as at M and v^ and through these points 
draw the point lines, as MQ, towards V. Project down tho 
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pitch points, as N' and u\ upon the outer pitch circle, Jm, and 
draw the outer flank lines, as NP, towards V, giving the root 
poiat, as P and R Thence draw the visible root lines, as BS^ 
towards V, and limited by the inner root circle jpl. Having 
gone thus far, the inner pitch points, as ^, may be found in 
three ways : first, by projecting down from their elevations, as 
t / second, by drawing the inner flank lines, as S^, radiating 
from V ; third, by making the intersections of the imaginary pitch 
lines, as ut^ drawn towards V, with the inner pitch circle, oBL 

As the teeth are seen under various angles, no two on the 
same quarter of the wheel will appear alike, and the face 
curves, as NM, must be sketched by hand. 

As the teeth on the right-hand lower quarter are vertically 
under those of the right-hand upper quarter, the latter will 
serve equally well for purposes of projection. Thus, project 
down the points, as T', of the inner ends of the teeth to find T, 
etc., on the inner point circle. Likewise project down the 
inner points, as XT', to find U, etc., on the inner pitch circle, <?H. 
Then draw the face curves by hand ; and the flank lines, as 
UU'', radiating towards V ; and the visible portions, as TT", 
of point lines, radiating from V. 

To complete the plan, make the length, K{, of the hub =6 
inches ; its greater radios, Td^ 6f inches, «% = •)• an inch, and the 
radius at ^' = 6^ inches. 

The portion Tf^'pfhj^ is the generatrix of the united hub and 
rim, by revolving about the axis V V ''. The rim is further 
bound to the hub by four arms, which bridge the annular open 
space generated by V'f'^h, These arms are 2 inches wide, 
therefore make Tckl' = 1 inch ; W and I'^h are edges of arms; 
and l"Wy a minute distance, strictly, to the right of ^, is the 
intersection of the side of the arm with the cylindrical surface 
of the hub. It can be constructed by projecting down from a 
fragment of the hub and horizontal arm, easily made in verti- 
cal projection. 

Example XXXIIL 

To oonstruct ike Projections of a Bevd Whedj seen ohUqueHy 
rdatvoe to the vertical plane. 

See PL XX., Fig. 2, where like points have the same letter 
in both projections, and on Fig. 1. 
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Begin with the plan, which is simply a copy of that in Fig. 1, 
except in being in a different position relative to the ground line, 
and in showing the parts on both sides of V V alike. Y V is 
thns an axis of synunetry from which the various points on the 
several circles of the wheel are laid off, each way, on On, ot^ 
jpSy aby eta, which are at the same distance apart, and from Y, 
as are the same lines in Fig. 1. 

The plan being thus simply made, the elevation may be made 
wholly, or in part, in any one of three ways, but best by a com- 
bination of any two of them ; either serving as a check upon the 
other, and some points being found best by one method, and 
some by another, according to their positions ; having regard to 
the principle that the lines of construction, which determine 
any point, should form as large an angle as possible with each 
other. 

JFZrst Method. — ^Every point of the elevation may be found 
by the elementary operation of projecting up the points of the 
plan, as P, into horizontal projecting lines, as jpjp^ from the 
same point on the elevation in Fig. 1. In this case, the lines of 
construction will always meet at right angles ; but two things 
must be noticed : first, to avoid confusion, only one point at a 
tune, as MM', for example, should be projected up, and pro- 
jected over from the elevation. Fig. 1. It is a bad practice 
to draw a great number of projecting lines from the plan, 
and then a great many from the elevation, Fig. 1, before 
noting any of their intersections. Second, by Ihis method 
quite a number of invisible points of the inner ends of 
die teeth must be marked on the plan; by finding them 
first on the plan, Fig. 1, by projecting down from the eleva- 
tiou. 

Second Method. — ^By any of the familiar methods, construct 
(26-27) the six ellipses, as mlS'b' and G'T V, in the elevation, 
which will be the vertical projections of the six visible tooth- 
circles of the wheel. Thus the semi-ellipse rn^'V has for its 
semi-transverse axis ILT" = aby and for its conjugate axism'5', 
the vertical projection of mb. After constructing these ellipses, 
the points of the teeth found upon them, as M',N',P',T',U',S', 
may be conveniently projected up from the plan, for the teeth 
near the highest one ; and over from the elevation. Fig. 1, for 
those near the ground line. And tJie pomte thus constructed 
ehovld be joined ae fast aa fownd 
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Third Method. — ^After constructing any two rings of pointR, 
but preferably those of the larger ends of the teeth, by the firwl 
or second method, all the remaining points can be found bj 
projecting them from the plan, or from the elevation in Fig. 1, 
upon the lines meeting at O', O", and O"'. For these points 
are the vertical projections of the three vertices, V, V, and V", 
to one or another of which every straight line of the wheel 
tends. 

Thus, having found M' and N', for example, by the first 
method, Q' will be the intersection of M'O^, with a projecting 
line from Q, or from Q', in Fig. 1. 

By this method, certain invisible points of the elevation must 
be temporarily found. Thus, find lie invisible back root point, 
P'', and then S' will be the intersection of P''0', with a project- 
ing line from S, or from S' in Fig. 1. 

But some of the points may be found by the intersections of 
these converging lines with each other. Thus, having found 
S"' as before, t'^ will be the intersection of 0"S"', produced, 
with N'O'. Or, better, finding ^" first, S''' will be the intersec- 
tion of P'O' and rO'\ 

Fourth Method. — This merely consists in applying the prin- 
ciple, in connection with the otiier methods, that for the sarne 
side of the eoms toothy lines as O'^'N' and O' V are parallel. 
Thus, having N'C' and N'O', the point t" may be found as the 
intersection of 0''if\ parallel to O'^TS^"', with W0\ 

101. To construct the oblique projection of the foregoing^ or 
any other object^ hy %mng only three projections^ proceed as 
illustrated for a semicircle only, in PI. XX., Fig. 3. Then let 
AB be the horizontal projection of a vertical semicircle. Let 
a'V be the ground line of an auxiliary vertical plane, parallel to 
the plane of the semicircle, and on which the latter will there- 
fore be shown in its true size, as at a'e^V. Let A'B' be the 
ground line of a vertical plane oblique to the semicircle, and 
on which the required projection is to be found. To do this, it 
ifi only necessary to project up the several points, A, C, E, etc., 
of the plan, and make their heights, M'C, O^', etc., equal 
to mV, o'e\ etc., on the principle that the different vertical 
projections of the same point are at the same height above their 
respective ground lines. 

102. Minor modifications of the construction just given are 
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obvioxis. Thus, AB might have been parallel to the plane A'B', 
and then the oblique elevation would have been at aVJ\ 
Again, the plane A'B' might have been made parallel to AB, 
and the plane a'J' parallel to the present direction of A'B', in 
which case, again, the highest of the three figures would have 
been the oblique elevation. Finally, let a'J' be brought down 
parallel to itself, near to AB ; let A'B' be carried up parallel to 
itself ; and then let AB be placed parallel to the present posi- 
tion of A^B^ ; and then the middle figure will be the oblique 
projection. 

Practical Forms of the Teeth, of Wheels. 

103. After all the foregoing statement of only the main 
points in the theory of the teeth of wheels, it must be acknow- 
ledged that in practice they are bounded by circular arcs. In 
empirical practice these arcs are taken arbitrarily, and even 
absurdly. In scientific practice they are taken so as to conform 
as closely as possible to the theoretical outUnes. 

104. The theory as above given is thus abundantly useful, as 
leading to the determination of proper approximate arcs. And, 
on the other hand, the length of an epicydoidal or involute arc 
forming the limits of the side of a tooth in a real wheel is so 
small, that, except for very large wheels, the circular arc, how- 
ever finely traced, would sensibly coincide, except, perhaps, 
under a magnifier, with the theoretical curves, within these 
small limits. 

A not uncommon empirical method for constructing the 
faceSy line fla/nJcs being radial, is to describe them with the 
pitch for a radius, and the centre in the pitch circle, as in Ex. 
XXXI. 

105. Among scientific practical methods, the following are 
the principal, if not the only ones : — 

First : Construct templets^ as T, Fig. 45, that is, thin pieces 
of hard wood, carefully shaped to the exact curvature of the 
intended pitch circles and describing circle. The latter of these 
templets, C, carries in its circumference a firm, sharp tracing- 
point, j?. Then, by rolling it successively upon the pitch tem- 
plets, the correct face curves of teeth are traced mechanically, 
and by rolling it on other templets of the same curvature, but 
concan)e on tleir curved edges, the^/fowfe of the same teeth will 
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be traced; in botli cases upon a board on which the pitch 
templets are held, so as to coincide with the pitch circles traced 
upon it 

A templet can then be cut to the form of the tooth, and used 
in tracing the outlines of the ends of the teeth on the rough 
pattern of a wheeL 

A' 




FiOw 4Bl 



Second : Having traced a face and a flank, as above, take 
three points on each, and bj the familiar method construct the 
circular arc passing through those three points, and it will 
approximate very closely to the theoretical curve. 

106. Both of these methods would evidently be nearly or 
quite impracticable, except for quite large teeth; while the 
second is rather vague, owing to the somewhat arbitrary as- 
sumption of the three points. Besides, by the insensible slip- 
pings of the templets, and minute instrumental errors, the sup- 
posed true curve might be more erroneous than a circular ap- 
proximation made from a single centre by some simple rule. 
Therefore — 

Third : Let the approximate circular arc be described from 
a mean centre and radius of curvature of the theoretical teeth. 
These data can be determined analytically, and thus each tooth- 
curve may be struck at once with a single centre and radius. 
This method has been proposed by Euler and Eedtenbacher, 
and one adapted to practice was founded upon it by Prof. 
Willis (Principles of Mechanism), and conveniently embodied 
in an instrument called the odontogTwp\ the theory and use of 
which vrill next be briefly described. 
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Theoeebc XX. 

Oircitlar tooihrcurvesy with centres on a Une through th^ 
point of contact of the pitch cirdesy wiU give a eeneibly con- 
Hant velocity ratio to those ovrclee. 




Let A and 6, Fig. 46, be the centres of the pitch circles^ 
whose contact is T. Through T draw Nn, and make TK = T*, 
perpendicular to Nti, and less than either pitch circle radius. 
Draw AK to N ; A^, giving m; BK, giving M ; and B* to n. 
Also draw BR perpendicular to Nn. Now conceive the system 
fin/ mriR\ Am to be jointed at n and m, and on the point of 
turning about the fixed centres, A and B. For the instant of 
occupying the position shown in the figure, we have 

nJfe:CT::nB;BE. 

But as CT is a fixed line, this proportion simply shows that T, 

alone, is the fixed point of Nn for the instant, or, in other 

words, is the intersection of two consecutive positions of Nn. 

And, as T is on the line of centres AB, while nN is a common 

10 
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normal to a pair of tooth curves, when their centres, as M and N, 
or m and ti, are on that line, it follows, from Theorem XVII., 
that snch tooth curves will give a constant angular velocity 
ratio for the instant in which T is fixed as above described. 
These curves being quite short, this velocity ratio will be sen- 
sibly constant during the short period in which they are in 
contact. 

TK = T* is less than either AT or BT, merely to throw both 
of a pair of centres, as m and n^ on the same side of the tooth 
curves B, so that one of the latter shall be convex towards the 
concavity of the other. Then, this being understood, the 
remoter centre is that of the oonca/ve tooth curve, which, of 
course, is 9^ flank. But each wheel must have both faces and 
flanks. Hence for one face and flank pair, acting together, the 
wheels are momentarily represented by the linked arms Am 
and Bn/ giving m, the centre of 2^ face of A, and n^ the centre 
for the corresponding flank of B. Conversely, for the other 
pair, the wheels are represented momentarily by the arms AN 
and BM ; giving M the centre of a face of B, and N the centre 
for the corresponding^/Kcwii of A. 

106. If we take the contact of the tooth arcs a little way 
from T, on the opposite side from m and n, there will be a 
corresponding pair, at the same distance to the left of T, 
so that the action will be exact at two points in the total arc 
of action ; which will give abundant accuracy of action at all 
points. 

107. Assuming the total arc oi action to be about twice the 
pitch, in all cases, the contact of the first pair of tooth curves 
may be at a distance from T equal to half the pitch. 

Finally, the angle nTA is found experimentally to be best 
fixed at TS"*. 

By calculating and tabulating the distances, as nT and MT, 
for wheels of various sizes, and by graduating them on the 
odontograph, PL XXI., Fig. 2, the final adaptation of this sys- 
tem to practice will be made. 

These distances are easily found, as follows.* 

* WiUia* Pxindples of Meohanism, p. 19S. 
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Peoblkm VJLIL 
Tofiivd the BadU of the Tooth Curves. 

Let TK = a ; BT = E 

TM = (J and BTR = * 
Then from the similar triangles, BEM and KTM. 
TM:MR :: TK:BR 
Whence TM x BR = MR x TK 
But MR = TR — TM; BR = R sin « and 

TR = R cos «. 
Hence, by substitution, TM xRsin« = Rco8«x TK — 
TM X TK. 
Or TM (R sin * + TK) = TK x R cos «. 

From which TM = J^A^.^^ (1) 

TK + R sin « 

It only remains to show how the length of TK should be 
governed. Now, in every systematic manufacture, a certain 
series oi pitches^ and rmmhers of teethy will be adopted, as suf- 
ficient for all ordinary cases. The greatest pitch and number 
of teeth will determine the greatest wheel, and the least of both 
elements will determine the smallest wheel, and by various 
c(»nbinations of the two elements, wheels of almost any inter- 
mediate size can be made, while the radius can be immediately 
found from the formula 

P X N 



R = 



2ti 



where P = pitch, N = number of teeth, and R = radius. 
TK, then, is so taken that for the least wheel of a set, AK shall 
be parallel to TN, thus giving a flank centre at an infinite dis- 
tance from T, and hence a straight flank for the least wheeL 
Denote the least radius, AT, by r, then 

TK = r sin «, 

which, substituted in (1), gives 

^p^ ^ Rr COB I* (2) 
R 4- r 

In like manner, beginning with the similar triangles fiAiT 
and nBR, we shall find 
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«T = ^^- (8) 

where m = 75®. 

108. By aflBiiTning a series of valnes oi pitch and fytmAei* of 
teethy the value of B, for each number of teeth, with each given 
pitchy can be f onnd, and substituted in (2) and (3) where r and 
« are constant ; and thus a series of values of MT and nT may 
be obtained and tabulated, expressed in twentieths of an inch 
as on the edge of the odontography PL XXL, Fig. 2. 

Such tables accompany the instrument, which may be obtamed 
from mathematical instrument dealers. 

109. Teeth thus formed are analogous to those of ihejirst or 
genercbl aolutiony in having both faces and jUmka; but more 
closely in that any two wheeU of the eamie pitchy Jiaving teeth 
thue formedy wiU work together. This appears from Fig. 46, 
where, if AT, the pitch radius of one wheel, be changed, it will 
only change m and N, the centres of its own tooth arcs. 

M and ti, being the centres for a face and a fiamk of B, all 
the other faces and flanks will have the same radii MT + ^ 
pitch and nT + i pitchy and their centres will be in drdei^ 
through M and n, with B for their centre. 



Pboblek IX. 

Tojvnd Cervtreefor approximate IiwohUe Teeth. 

By making KT = CT infinite. Fig. 46, BM and Bn will 
coincide with BB ; and the two centres, thus united at B, will 
become that of a single arc. A tooth profile of two arcs can 
have a point of exact action for each arc (106), but now, with 
one arc, there can be but one such point Let T be that point, 
then BT the tooth radius = B x cos «, where B = the radius 
of the wheel. Now as the angle nTA = «, is somewhat arbi- 
trary, assume it at 75 '^ 80', which is otherwise convenient, and 
eos • = i very nearly, which gives 

BT = -T-' a very simple value. 
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That is, in approximate involute teeth, let the base circle be 
tangent to a line, BO, Fig. 47, making an angle of TS"" 80' with 




Vta.47. 

the line of centres, AT; and let the tooth radius, BT, = i AT, 
the radius of the pitch circle DT. 

111. An odontograph, ETF, for this case, accompanies the 
larger one. Its angle ATB is made = 76*" 80', and its edge 
TB is graduated in quarter inches ; so that the radius of the 
wheel being given in whole inches, the same number of quarter 
inches, read off from T, when the arm AT coincides with the 
radius of the wheel, as in the figure, gives the tooth centre B. 

Having divided the pitch circle, for the teeth and spaces, all 
the other tooth curves will have the same radius BT, and their 
centres will be in the circle AB. 

Example XXXIV. 

To construct Teeth^ having sepcuroite Faces and Flanks^ hy 
the Odontoffraph. 

Let the two wheels be denoted by their centres A and B, FL 
XXL, in each illustration. Let ¥a denote face, and F2, flank 
in the notation of the figures. The general propoitions of the 
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teeth given in the example of the spur-wheel are followed as 
closely as need be for illustration, remembering that 5i-15th8 
= a little more than one-third, and 6i-15th8, a little more yet 
(of the pitch), while a tooth occupies a trifle less than half the 
pitch on the pitch circle. 

The odontograph angle, OTH, is not given here of its true 
value, 75°, so that the student by only following the text care- 
fully, and using the figures of PI. XXI. as guiding sketches, 
will be able to construct the figures accurately. 

First : In i^'ig. 1, let the wheel A have a radius of 6 ins. and 
20 teeth. Then the pitch is equal to the circumference divided 

by the nimiber of teeth = -^= 1.88 ins. 
^ 20 

As the pitch must, of coui:se, be the same for both wheels, 
and as pitch and radius cannot be given, lest they should afford 
a fractional number of teeth, which it would be imj possible tc 
have, we must have given the jpitck and number oftecth^ as 12, 
for the other wheel. The proditct of these gives the new cir- 
cumference, which, divided by 2«r, gives the radius, 

P X t 1.88 X 12 „ ^ . 

— __^ — = d.e ms. 

2ir 3.28 

Now draw any line, AB, for the line of centres, and on it 
place the point T, the point of contact of the pitch circles. 
Make TA, 6 ins., scale i, and A the centre of wheel A ; also 
TB, 3.6 ins., and B the centre of wheel B, and describe the two 
pitch circles with radii AT and BT. From T, lay off each way, 
on ea(^ pitch circle, 1.88 inches, for the pitch. Then let a tooth 
of A be just below T ; and, accordingly, lay off, downward^ as 
at T«, from the 'wpper end, as T, of each pitch, as Trf, of wheel 
A, a distance equal to a little less than half the pitch, say 0.9 
ins. A tooth of B will thus extend from T upward^ hence lay 
off 0.9 ins. upward^ as at T^, from the lower end, as T, of each 
pitch, as T^, of wheel B. The two sides of each tooth on both 
of the pitch circles will thus be marked. Next draw the point 
and root circles of each wheel as usual (95). 

The figure is now ready for the application of the odonto- 
graph ; directly, if drawn in full size, or, otherwise, indirectly 
by laying off tiie tooth-centres to scale. Consulting the table 
of tooth-centres, which accompanies the instrument, and remem- 
bering that for any given series of wheels having the same pitch, 
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it contemplates no wheel of less than twelve teeth, and that 
then the radius of the flanks is infinite, Prob. VIII., we at onc€ 
make the radial flanks, as gp^ of B. 

For the faces of B, we have from the table T— Fa,B, ^ in., 
which gives the centre, Fa,B (on QO), of the first face, qr, on 
the other side of T. All the other faces of B have the same 
radius, q—FayBj just used, and their centres on the arc vrith B 
as a centre, and B— Fa,B as a radius. 

For the flanks of A, we have from the table |^ = 2i ins., 
which is laid ofE from T to the point on OQ, marked FZ,A, to 
give the centre of the first flank, mn, of A, on the opposite side 
of T. Then, as before explained (109), all the flanks of A vrill 
have radii equal to FZ,A— ttit, and with centres on the arc 
through the first flank centre, FZ,A, and with A for its 
centre. 

For theyao^ of A, we have from the table 0.6 in., to be laid 
off from T to Fa,A, to give the centre for the first face, sky 
below T of wheel A.. Then, again, all the other A faces have 
their centres on the arc of radius A--Fa,A, and radii equal to 
Fa^A—s. 

After this minutely detailed description of one figure, the 
others may be understood almost wholly by mere inspection, 
the point, pitch, and root circles, and the divisions of the pitch 
being laid out as before. 

Second : In this case, Fig. 8, the relative position of the teeth 
in contact at T is the reverse of that in Fig. 1 ; the tooth of the 
righirhskad. wheel being here just above T. This brings the 76° 
line, as it may briefly be called, which represents the graduated 
edge of the odontograph, into the position F?,A— FZ,B. This 
would require the instrument to be graduated on both sides on 
the edge MN". But this is unnecessary, since it can be applii^d 
separately to the two wheels in the position similar to OQ, Fig. 
1, by applying it to any radius, as B5, ending on the upper side 
of a tooth of B, and to any radius, as Ac', ending on the under 
Bide of a tooth of A ; applying the edge TA, first on BJ, and 
then on Ao. 

But we will proceed with the figure as shown, it being drawn, 
as before, on a scale of i. 

In both wheels, the teeth and pitch are given, from which, 
88 before, we find the radii, 6.1 ins., and 7.64 ins. The centre 
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of A is lost in Fig. 1, the point A on Fig. 8 merely indicates it 
without showing its true position. 

"We have then from the table, for the given pitch and num- 
ber of teeth, T— FZ,A = |^ = 2 ins., for the centre of the jftmi, 
ea ; and T— Fa,A = fj, for the centre, Fflj,A, of theyjwj^, flfe, of 
A. Likewise, T-FZ,B = Jf for the centre, FZ,B, of the fiamk, 
fg, of B ; and T-F<]f,B = \\ for the centre of the faoe^ hh^ of 
wheel B. 

Having thus found four initial centres, one for a face and a 
flank of each wheel, the remaining faces and flanks are drawn 
in the same manner as in Fig. 1. 

Third : Fig. 4 is varied from the two preceding by using 
a smaller pitch ; and a much larger radius for one of the 
wheels. AJso AB is placed differently. 

Having the radius, r, and number of teeth, ^, of the upper 
wheel, we find its pitch 1.6 in., which thus becomes that of the 
lower wheel, which, having 24 teeth, has a radius of 6 ins. 

Lay out the pitch, point and root circles, and the pitch points 
as before, and draw OQ to make QTB = 75°. Then, from the 
table we have for the given pitch and numbers of teeth, T — 
FZ,A = Jf in., for the centre, FZ,A, of the flank aJ, and T — 
Fa, A, for = 12i-20ths for the centre, FdJ,A, of the face od. 
Likewise, T — ^FZ,B = JJ ins. for the centre, FZ,B, of the flank, ef^ 
of wheel B, and T— FdJ,B = 4^20th8, for the centre, Fa,B, of 
the face, gh^ of the wheel B. The remaining tooth curves can 
be completed as before. 

Example XXXV. 

To Construct a^pproxiimate Iryoolute Teeth hy the Odonto- 

graph. 

This case. Fig. 5, is drawn in full size, and represents ap- 
proximate involute teeth, as given by the small odontograph, 
Pig. 47. 

As in previous figures, the given data are included by a l^race. 
The line OQ is drawn so as to make 0TB (B, the centre of the 
wheel PE, is in Fig. 4) = 75°:30'. Then, having set out the 
various circles as before, with the pitch 0.75 in., each way from 
T, and divided as before, read off from T, on the graduate^! 
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edge of the instrument, lying on OQ, the same number of quarter 
inches, Prob. IX., that tliere are of whole inches in the ladius 
BT, to give a, the centre of the curve, bo, of a tooth having a 
single arc from point to root, the part of which, exterior to the 
circle B — anky represents the involute of an& taken as a base 
circle. In like manner, Td = 2.6 quarter inches, gives dj the 
centre of the tooth are, efy of the other wheeL 

110. No finished example is here given of hyperboloidal 
wheels (83). Approximations to them are known in practice 
as skeyybevels, and consist of a pair of thin conic frusta, each 
tangent on a circle of contact, to one of the given hyperboloids, 
PI. XX., Fig. 6. Teeth are then set on these frusta, not in the di- 
rection of their elements, but in that of the common generatrix 
of the hyperboloids. Also the cones to which these frusta be 
long have not a conmion vertex, since their axes are the same 
as those of the hyperboloids for which they are a substitute. 

111. PL XX., Fig 9, is a fragment of bevel gears, of very un- 
equal diameters. Fig. 10 shows a form occasionally seen, 
where the teeth of B are on the interior of the pitch cone 
generated by mY ; extending from its surface towards its axis, 
and gearing with teeth on the exterior of the wheel A. 

112. PL XX., Fig. 8, shows a method of communicating mo- 
tion between two given axes, AB and CD, which are not in the 
same plane, indirecth/y by bevel gear, instead of directly by 
hyperboloidal wheels, as in Fig. 6. In Fig. 8, OV is an inter- 
mediate axis, intersecting both of the given ones ; then O is the 
common vertex of the bevel wheels, m and n ; and Y is the 
common vertex of the bevel wheels, jp and q. As the figure is 
drawn, AB and OV are in the plane of the paper, and CD is 
out of it 

The partB, n and^, of the intermediate double frustum need 
not be in one piece as shown, but may be separate, and any 
where on OY, to suit the positions of m and q on their axea. 



Example XXXVL 
Projections of Bevd Oearvng. 
PI XXII. shows a very beautliui example of bevel gear 
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By lettering like points with the same letters, eapital or BmaU^ 
on this and on PL XX., but little is left to be explained. 

As the flanks are radial, the generating or describing circles 
in the dfevelopment are drawn with radii, AT and BT, equal to 
half of the elements, V'J, and v"h = v"T, of the cones contain- 
ing the outer ends of the teeth and having the pitch circles, vnh 
and M5, for their bases. 

The pitch cones (100) of the two wheels have a common ver- 
tex V— V', and element of contact VJ— V W. 

Designating the wheels by their pitch circles, or centres, the 
wheel Tnh — ml 'a'' is drawn by first making its circular projection 
O'. Likewise, MJ is made from the circular projection, V' — 
Wd\ of the same wheel. 

The student may assume a scale, and from that determine 
the measurements. 

Wheels of given radii act together better, the more teeth 
they have ; hence, as the arc of action of bevel teeth, at their 
outer extremities, for example, is in the plane N"Jyo" (perpen- 
dicular to the paper) and virtually with radii V5 and v"5, the 
action of the bevel wheels, with nominal radii ah and db^ is 
equivalent to that of spur wheels with radii V'J and v'^h. 

o — ^Warped Cozmnunioators. 

Example XXXVIL 

The complete Projections of a Screw and Nut. 

De%<yrvption, — ^If a square, Ka — h!aW^B\ PI. XXm., Fig. 1, 
revolve uniformly around an axis, O — O'O", and at the same 
time move parallel to the axis, and uniformly, it will describe 
the winding or spiral rail, thready or solid AJDG gda — Afa^r's^ 
G'Q-'' /y, M'M'' m/'m\ This surface is bounded as follows : 
Its outer surface, generated by A — A!^^ during the movement 
of the square, is cylindrical and vertical in this case. Its 
inner surface, generated by a — a'r\ is also cylindrical and 
vertical. Its upper and lower surfaces generated by Aa — «V, 
und Aa — A!a\ respectively, are called right TieUcoids : called 
heliooids from the form of the bounding curves, as ADG — 
A'D'G', which is a helix ; and called right helicoids, because 
Aa — A'a' and Aa — /«' are perpendicular to the axis O — O'O". 
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Now let eqaidiBtant threads, like that just described, be 
formed, solid with aD interior cylinder or core, adff — a'TU'V, 
and the result will be a square threaded screw. The height, 
AM', to which the point A ascends, in one revolution around 
the axis, O — 0'0'\ is the jpitch of the screw. As the spaces, 
as t^Qy between the threads must be equal to the threads, in 
order to receive the corresponding threads of the internal 
screw. Fig. 2, it follows that A'M' must be some even number 
of times AV, the height of a thread. Here A'M'=6 AV, and 
the figure represents a three-threaded screw, the threads W 
and X' being separate and distinct, intermediate between the 
thread, A'aV G', which reappears at M'M" ?/i" O". 

Fig. 2, as indicated in the plan, shows the interior of the 
back half of the internal, or hollow or concave screw, within 
which the solid screw works. It, of course, has the same pitch 
as the screw. 

From this description, and remembering that both motions of 
the generating points and lines of the threads are uniform, we 
have the following construction: — 

OoTistruotion. — ^For the screw, begin with the concentric 
semicircles, OA and Oa^ of the plan, using a scale of not less 
than one-Aalfy and divide these semicircles into six equal parts, 
as shown, to indicate the uniform angular motion of Aa — AV. 
Lay off XX = 8" from the ground line, A'N', on a vertical 
line, and divide it into twelve equal parts indicating the uniform 
ascent of AA', etc., during a whole revolution. Then A, being 
projected at A', on the ground line, and on every second line, 
as 8^&, above it ; B will be projected on the ^st^ thirdy ffth^ 
etc., line from the ground line ; on the ground line and 
every second Une above ; D, like B, and so on. 

At first it' may be better to construct only one thread in 
elevation as indicated by A'B'O', etc., which will guide the eye 
in constructing the other threads. In any case it will be better 
to complete the outer helices before beginning the inner ones, 
since only certain portions of the latter are visible. Also, after 
completing the outer helices, the threads are to be distinguished 
from the spaces, by marking the former in pencil in some way 
on both sides, as by the letters W and X'. 

The elem^ts Aa—A!a'; BJ— B'J', etc., of the helicoidal 
surfaces being horizontal, project up a at a' ; ft, at V on the 
first line, B'J' / o, at c', etc., and for one thread, construct, oora* 
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pletely, all the four helices of that thread, beginning as at 
A!a^r' and «' / which will show clearly the number of distinct 
threads in the screw. 

For the remaining threads, construct only the visible portions 
of the inner helices, viz. : the v^pper portion, as d'^g"y on the 
i^^-hand half of each thread ; and on the lower side, as at 
a'd\ on the 2^^hand half. 

Small portions, as ^T' and M'L', of the hack half of the 
outer helices, or the same portions of the threads as just named, 
will be visible. And portions of the extreme elements, as from 
vf upwards, and from mf downwards, of the cylinder of the 
screw are seen. 

The curves of the elevation are to be mostly drawn with an 
irregular curve, using the awrne portion r&oeraed for D'G' that 
was used for drawing A'D', making the two parts unite smoothly 
at D' ; and observing that A'D', a'd\ and all like parts are con- 
vex upwa/rdy while their counterparts, D'G' and d'g\ are con- 
vex dowmjoa/rd. Also, as the helix is a oontvnnioue curve^ and 
notpomtedy it is oi prime importance to have the helices truly 
tcmgerity as at G', G",t*', «', m\ etc., to the vertical elements, as 
G'G'' and aV. 

The plan is inked in strict agreement with the elevation, 
showing a horizontal section of a thread at GceE, 

To vary the exercise, the student should make a one^ or a two- 
threaded screw, or divide ADG into eight instead of six equal 
parts, or cut off the screw by a different horizontal plane, ap 
M'W,orLT. 

The Ifuty or Internal ScreWy Fig. 2. — ^This construction re- 
quires little further explanation. Having the same dimensions 
of threads as the screw, and the same pitch, the projections of 
its visible helices in the inside of the hinder half are found as 
before, and must be inclined in the same manner as threads 
G'M" on the back of the screw. Here the inner helices are 
visible all across the elevation, while the outer ones, as G'J'M', 
are only visible on the tmder 2^-hand sides of the threads, and 
on their tapper r^A^hand sides, as at G'7'^ 

Note that a space, as A' V", of the nut corresponds with a 
thready as AV, Fig. 1, of the screw, while a thread, as R'S', of 
the nut is between the same horizontal lines as the space GY 
of the screw. The figure otherwise explains itself. 
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Example XXXVIII. 
7%^ Ahridged Drawing of Screws. 

When either the scale or the pitchj employed in representing 
a screw, is so small as to make the apparent cm^atnre at points 
Wy 6, 6', etc., PI. III., Fig. 9, so sharp as to be sensibly pointed, 
the helices may be thus pointed in vertical projection, or, in 
general terms, in the projection on a plane parallel to the axis 
of the screw. 

The figure illustrates this modification in the drawing of a 
OTi^threaded screw of a screw, of 8 inches outside diameter, on 
a scale of one-fottrth. 

Similar points in the two projections are numbered with the 
same figure, a very convenient method in many cases. 

PL III., Fig. 10, represents a triwngula/r threaded screw of 
two threads, to the same scale and dimensions, except pitch, as 
the last one. Here the thread is generated by the isoscdes 
triangley a'6'6", whose base, ao6'\ is vertical. In this case, the 
space between two threads extends from the middle of one 
thread to the middle of the next, as from 0' to b\ Hence, 
although the screw is plainly ^(^threaded, as seen by following 
an outer helix, 0',6',12', yet the pitch, 0',12', is but tioice the 
height, a'6", of a thread ; while in the square-threaded screw. 
Fig. 9, a pitch, 0'}', of double the height, a'b\ of a thread gives 
only a o/i^-threaded screw. To have made Fig. 10 on^threaded, 
we should have made 0^}' the pitch, and made the horizontal 
lines half as far apart as now, and projected 6 upon the hori- 
zontal line through a\ The helix beginning at 0' would then 
have reappeared at b\ 

The student should construct a triangular-threaded screw on 
a large scale, as partly shown on PI. XXIII., Fig. 3 ; also the 
internal screw for the same. Strictly, the visible contour of a 
helicoid is curv^ed, being tangent to the successive elements, but 
is nearly straight for so short a distance n&ab; hence it is a suf- 
ficient refinement of construction, unless the scale is very large, 
to make ab straight, but tangent, as at a and by to the outer and 
inner helices, instead of running from A to ti, as in PI. IIL, 
Fig. 10. 

All the helices shown, but by straight lines. — ^PL III., Figs. 11 
ind 12, illustrate this abridgment The curvature of a helixj 
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»id seen in these figures, is so slight that the idea of a scrs-w 
is well suggested by making the helices straight. In Fig. 11 
AC is the pitch, and the screw is two-threaded. Points, as 6 
and ey are in the same horizontal line, as in PL XXIII., Fig. 1 ; 
and generally all parts are shown just as in that figure, except 
that they are made straight, and llieref ore only their extreme 
and middle points, as A,B ; e and r, and ^, need to be noted be* 
fore drawing them. This is sufllciently done by drawing hori- 
zontal lines at a distance apart, S&, equal to the thickness of a 
thread, together with the five vertical lines through Ao, «, dn^ 
or, and B ; where oe = aB = B J, and Bd = df. 

In like manner, Fig. 12 is like Fig. 10, AC is the pitch = 
2 A/^/ Ac = de and AD = He, and the horizontal lines need only 
be drawn at a distance apart equal to ca. 

The student should repeat these constructions for a one or a 
^Ar^^threaded screw. 

AC, Fig. 13, = 4Cc for a two-threaded, 2Cc for a em^threaded 
screw, 6Go for a three-threaded one, etc. 

AC, Fig. 12, = 2A/^= 4a€ for a two-threaded screw ; A/J for 
a (m^threaded screw, etc. 

Otiter Sdices only ahovm, — ^Fig. 14 shows a further abridg- 
ment, where so much of the outer helices, only, as are on the 
front half of the screw are shown. 

SToaRer Triwagulwr Screws, — ^Fig. 15 illustrates a screw with 
triangular threads, in which the greater steepness of the inner 
helix is neglected, and the outer and inner helices are made 
parallel, the former being inked heavy. 

Very SmoM Screws. — These are represented in Figs. 15-17. 
Sometimes only the helices are drawn, omitting the end lines of 
the threads. The effect is better on the triangular thread. Fig. 
16, than on the square thread. 

Finally, Fig. 15 represents the helices as all equal, parallel, 
and straight, and included between two parallel lines. 

Fig. 17 is a screw bolt, that is, a bolt or short rod threaded to 
receive a nut at one end, and headed at the other. 

Uniform System of Screws. 

112. The extent to which screws enter into the composition of 
machines, either as fastenings or communicators of motion, and 
the distances from tlie place of manufacture to which machines 
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are often transported, and at which they must be repaired, make 
it very desirable that, at least for screws used for fastenings, 
there shonld be a uniform system of threads and nuts. 

Screws used for communicating motion may be subject to so 
many special conditions as to make the use of an invariable 
series of them impossible. 

Such system as that just mentioned is used in England, and 
it is of constantly increasing importance that the like should be 
employed in this country. The following carefully matured 
system, proposed in 1864 by William Sellers of Philadelphia,* 
is therefore given as a contribution to this desirable result It 
consists of the following notation, formulas, and a table of sizes, 
from which a few examples are here taken. They relate onlj 
to triangular-threaded screws. 

D = extexnal diameter of screw. 
a = ooDfltant subtrahend, 2.909. 
b = coBfltant divisor, 16.64. 

= D eacpressed in 16ths of an inch, pins 10. 

d = internal diameter, or that at the bottom of the threads. s: — ' — 
p = the pitch, meaning, in this table, the distance between the 

threads. = — v — 

n = nnmber of threads per inch, the nearest whole number to - 

w = width of the flat top and bottom, that is, of the outer and 

p 
inner edges of threads. = g 

1 = least diameter of finished nuts and bolt-heads = perpendicu- 

lar between opposite sides, or diameter of inscribed circle. 3 D + i^ inctk 
h = long diameter of hexagonal nuts, or bolt-head = diameter 

of drcumscribing circle. s= I x 1.156 

» — Do. of square nuts or bolt-heads. = Z x 1.414 

t = thickness of flnidied nut or bolt-head. = D — -jV ^ 

{ The threads are to be truncated as at 

A Mi Ms. A iflk F^-^^y^s^^^i^ci'^^^^si^^^s^ ^^^ 

^Ij^^H^^I^Bji^f ^® thread and the bolt, and the angle 

^^ffi|H abc is fixed at 60^, that being much easier 

yia. 48, to verify than the English one of 66®, 

besides giving a more substantial thread. 

The following table presents a few examples, and the dimen- 

siona of only finished nuts and bolt-heads. All the dimensioxia 

are in inches and fractions of an inch. 

* Sasaj on a System of Screw-Threads and Nuta 
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EXAMPLB XXXTX, 

Endless Screws amd Spiral Gear. 

Description. — An aids revolving in fixed supports, and lia\ 
ing a screw thread cut upon its circumference, is an endleae 
screw. Because such a screw makes no advance in the direcv 
tion of its axis, it will advance or move any yielding piece on 
which its thread can act One complete revolution of the screw 
will advance the point upon which it acts a distance equal to 
the pitch of the screw. If, then, tlie thread engages with a 
wheel whose teeth are so set as to be tangent to the thread, 
when in contact with it, the screw will give a slow rotation to 
the wheel. 

PL ZXXI., Figs. 1 and 2, shows such an arrangement 
OO'K— 0''K' is a wheel actuated by the screw HAB— B'L. 

In this case the screw thread is formed in the usual manner ; 
therefore, by taking a section, </HB, through the centre of the 
body of the wheel and the axis of the screw, we shall have the 
equivalent plane rack driving a spur wheeL This problem is 
here solved by the system of involute teeth (IVth SoL), but 
with the pitch line, LL', or exterior element of the outer cylin- 
drical surface of the screw as the generating line. The invo- 
lutes of LL^, generated by the unwinding of LL' from itself, 
will be straight and perpendicular to LL' as at aCj Fig. 4, and 
the corresponding involute teeth of the wheel will bo involutes 
of its base circle, O — O'K, tangent to LL', as at oJ, Fiy. 4. 
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OonstrucUan. — ^The screw being constrncted as nsnal, and iis 
shown, the inclined teeth of the wheel are thus drawn. First 
lay out the circular elevation, O — O'K, of the front of the 
wheel as just described, with involute teeth. Then develop 
any convenient arc, as AB — ^A'B', of an outer helix of the 
screw, into the tangent plane AD — ^A'a'D', at AD — ^A'D', by 
making AD = AB, and projecting D at D', on {j'D' dravni 
Arough B', and perpendicular to the axis a' A'. Then D'A' is a 
tangent to the helix at A' ; and, by the properties of tangents 
to a helix, has the same inclination to a plane perpendicular to 
the axis, A^H^, that the helix has ; moreover, this inclination is 
constant 

The teeth of the wheel will now be inclined to the straight 
elements of its cylindrical Tim by the angle a'WAf^ the com- 
plement of the inclination a'A^D, of the thread to the screw 
axis A'H'. 

We now turn aside to rehearse, for convenience, the construc- 
tion of a helix, A^B^, Fig. 3, from its plan, AB, and develop- 
ment, A'^Wj which is straight, and found by unrolling into a 
plane any convenient portion of the vertical cylinder ABC — 
A'O'B', on which the helix lies ; so that here A'V = ASO. 
Tlien any point, as 1, of A^B^, is the intersection of the projec- 
ting line 1 — ^1 perpendicular to A'C, with the line 1 — ^1 paral- 
lel to AV'\ 

Betumiog now to Fig. 1, and proceeding Ukewiae, make 
dDW = 90° and A'D'O = 90^ to make CD'rf = a'D'A', and 
we shall have the inclination of the teeth of the wheel relative 
to the projection, O'C, of its axis, but on the under side of 
the wheel. 

Draw E' V, Fig. 2, so as to have E W' = GD'd = A'D V; 
and E"^" will then be the development of a portion of one heli- 
cal edge of a tooth of the wheel, analogous to A'^B'^ in Fig. 3. 
For convenience, take the lines 1/n'y Bfc', and K'b' produced, 
and others at the same distance apart, as E^E^^ and ^^', to cor- 
respond to aW\ VV, etc.. Fig. 3. Then, by drawing E"«"' 
perpendicular to them, and dividing el 'el" into four equal parts, 
as E'V is, we have e"el" corresponding to AD = AB = 03 
(at the left of the screw) for the screw. Henc« lay o£E e^'el'\ 
and its divisions at F/, on the tangent FG, and so that one of 
the divisions shall fall at c, the point of a tooth. Transfer these 
points to the circle of radius OF, as at FE, and we shall have 
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the horizontal projection, we will call it for the momenty oom> 
sponding to A8B, Fig. 3, of the helical portion whoee develop- 
ment is E' v. 

The vertical projection, eTSJ^ is now found jnst as A^B^ was in 
Fig. S, as is seen by the lines of constmction, and the nse oi 
the same letter for the same point Owing to the very great 
pitch of the wheel, considered as a screw, which it now plainly 
is, e'n'c'VYI is sensibly straight, and FE is sensibly the same as 
Yf. Thus we have verified, by a full construction, the pro- 
priety of making all the longitudinal lines of the tooth of a 
worm wheel, or spiral gear, parallel straight lines. 

Projecting V back to J, we find d> for the projection of the 
length of the tooth on the projection OO'K. Hence, to com- 
plete that projection, make pq =^ d)^ and do the same for all 
the teeth, and make the back curves, as from q^ the same as the 
front ones, as from j?. 

Observe that, as successive teeth of the wheel come in con* 
tact with the same thread, SX, of the screw, and in the same 
relative position, they are not successive portions of the same 
thread, but like portions of differevit threads ; that is, the wheel, 
considered as a screw, has as many threads as it has teeth. 
Hence the other teeth on the projection, 0''K'L', are found by 
projecting from the other figure, O — O^K, where the teeth all 
appear alike. 

Often the section of the screw thread is of the same form as 
a wheel tooth, that is, with a separate face and fiank. In that 
case the wheel teeth would be likewise formed by an appro- 
priate generating circle, accprding to the first or second solution. 

Further, to give the screw tooth a larger surface of contact 
with the wheel teeth, the point and root lines of the wheel 
teeth, in other words, all parts of the face, n^VTiJj\ of the 
wheel, are concave arcs of llie radii, HB and Hm, of the screw 
thread. In such a case points would be constructed on the two 
plane sides, WV and JJn\ and in the central section, H(/, of 
the wheeL 

With this description of all that is peculiar to the case, the 
gtudent can readily oonstructi on a lai^ scale, a few such teeth. 
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"F taitpi.tb XL. 

Detailed Oanatruetion of a Tooth in Spiral Gearing. 

Description. — ^Theterm spiral gear is applied to aspeciesof spm 
wheel in which the teeth are formed as in the wheel OO'K — 
0''L'K', PL XXXL A pair of such wheels, wiHi parallel axes, 
act together with a peculiar smoothness and stillness, because a 
pair of teeth begin contact at one end, and their point of con- 
tact shifts continuously to their other end, with a rolling motion 
between the teeth, and just as one pair are about to quit each 
other another pair will begin contact 

PL XXXL, Fig, 5, shows an approximate form of this gear- 
ing, in which a wheel is formed of a series of thin plates, each 
of which is a spur wheel, but set a little in advance, angularly, 
of the next one, as indicated by the black spaces, which repre- 
sent teeth. 

Conatruotion. — ^PL XXL, Fig. 6. Let O be the centre of the 
wheel, and Om, O^, and O^, the radii of the point, pitch, and 
root circles, O^ being 4f ins. Lay out by curves with any 
suitably assumed radii, taken merely for illustration, the cross 
section of a tooth in plan, at abcdef (at the left), and let 
there be 20 teeth, and H inches pitcL Make the two radii, 
Oa and Oa, 45^ apart, so that aa shall be one-eighth of 
the circumference of the pitch circle. Then let O'O", 
= 8 inches, be the ascent of the tooth section during one- 
eighth of a revolution. That is, the pitch of the teeth 
threads is 64 inches. Then we have only to construct in the 
usual way, Ex. XX XV 11., as shown by the projecting lines 
and letters of reference, the six portions of helices, beginning 
at the points a, J, o, d, e, and^^ (on the left). The equal pitch 
for the different radii, 0&, Oa, and Oc is regarded by dividing 
bb and O'O'^ into the same number of equal parts, four in this 
case. Divide oa, and O'O'^, each into four equal parts, and cc 
and 00'' in like manner, alsojgf^ ee^ and dd. Now J/J tlie 
width of the tooth at the root, happens to be the fourth part of 
ib. Then, by the radii Ob and Of produced, we find gh = 
one-fourth of oa to be laid off from a and e four times to the 
right; and mn = one-fourth otccy to be laid off four times on 
mn'^ from c and d (on the tooth) 1. 

Having constructed the helical arcs, by projecting up the 
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points thus found, assume FQ as a segment of the facd c f the 
wheel and all those portions of these helices within its Umirs 
will be real lines of a tootL 

As to visibility, the left root curve is visible from J"" down 
to J?, where it runs out of sight; the left pitch helix is visible 
from a" down to r ; the two point helices are visible through- 
out, and so is the right-hand pitch helix, e'e[\ while the right- 
hand root helix is visible from/*' up to t. 

113. In regard to the manufacture of worm wheels, of con- 
cave face, to act with endless screws, the difficulty of represent- 
ing the teeth whose parallel sections are dissimilar, owing to their 
different position relative to the successive meridian sections* 
of the screw, is obviated by making a model Bcrew of hardened 
steel, and notched on the edges of its threads. It is thus made 
into a cutter, and will itself cut the proper teeth on the concave 
face of the wheel, when both are revolved together with the 
proper relative velckjity. 

Sy a similar expedient, and by attaching a cutter to the 
wheel, it is possible to f oi*m an endless screw like that shown in 
PL XXL, Fig. 8, where the threads are in contact with a large 
number at once of the wheel teeth, and in the central plane 
ABO of the two bodies. 

* A MofeiaD made bjr a plane ooTitaining tih* asli. 
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CLASS IV-REGUUTORS. 

114. Under the head of refftUatorSj steam goyernors might 
oaturallj occmr to the mind at once ; but it must be considered 
that governors are not single mechanical elements in the sense 
of those hitherto represented ; rather they are secondary ma- 
chines, attached to tlieir principals, which they govern. That 
they traly are machines is evident from the definition (28), 
since they always consist of a train of connected pieces, em- 
bracing some or all of the following, viz., band wheels, spur or 
bevel wheels, pistons, racks, connecting rods, screws, oscillating 
arms, etc. ; receiving motion as a whole at some point, and 
communicating it through the train of pieces to another point. 

Hence, as there would be little interest or use in separately 
describing or drawing the essential governing member alone, 
whether ball, or fan, etc., the further description of governors 
is postponed till the chapters on compound elements of ma 
chines. 

A— Point Regulatoni. 
Governor balls belong under this head. 



B— Une Regulaton. 

Example TTT, 

A Fly WheeU 

DesoripHon. — ^A fly-wheel is here reckoned as reduced to its 
rim, and that a heavy line. It is an equalizer of velocity by 
being an equalizer of toorky which is its principal function. 
That is, when the load is largely or wholly taken off, the inertia 
developed in the fly wheel, by the gradual increase of velocity 
which follows, results in a storing up of work which is usefully 
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given out in the maintenance of a slowly retarded velocity, 
when a return of the full load takes place. 

The greater the difEerence between the extreme loads carried 
by the engine, compared with the power of the latter, and the 
less the time in which the extreme load is brought on, the heav- 
ier should be the fly wheel. 

Accordingly, the heaviest fly wheels are found in rolling 
mills for example, where the rolls, Ex. XVIL, are alternately 
empty, and run with very little power ; and then full, and ope- 
rathig against a prodigious resistance, especially in case of steel 
roHiTTg mills, where rolls nearly a foot thick are sometimes 
snapped in two. 

PL XXIV., Fig. 1, represents a sketch on various scales ; or 
no scale, in some parts, of a sixty-ton fly-wheel at die Bessemer 
Steel Works at Troy, K T. 

It is made in ten segments, as AB and the arm E, weighing 
five tons each. The massive hub, and ten 8|- inch rods, as F', 
make the total weight sixty tons or more ; whereas twenty-five 
tons is the weight of quite a heavy wheeL 

The section of the rim is 19 ins. by 20 ins., and each segment 
is filed smooth at the ends of the rim portion, AB, on all the 
parts which are shaded in the end view,^^. Adjacent seg- 
ments are then strongly bound together, as ^Xpq-^p'p'^ by stout 
links, D,D", made of wrought iron, 2^ ins. square. The inner 
ends of the arms are then turned, 15^ ins. long, and 8 ins. di- 
ameter, and keyed to the hub, as shown at «, and o. The ra- 
dius rods, F', are likewise keyed into the hub, and headed as at 
1^, to set into the head socket u\ 

There being ten segments, no arm will be horizontal if one 
be vertical as at E ; yet to show both a face view, ^KL, and an 
edge view, et^ of an arm, andy^ of a radius rod, the two latter 
are shown in a horizontal position in plan. mJck!' is the hol- 
low interior of the hub, bored on the two sides as at ah — a'V to 
receive the main shaft, to which it is heavily keyed. 

Construction. — ^Three segments, or at least two, should be 
constructed in full in both projections, and on a scale of not less 
than half cm inch to one foot The section ^Y of the rim 
may well be made on a scale of one inch to one foot ; and the 
plan should be complete, from the horizontal bearing, ^KL, of 
a vertical arm, and lowing the alternate 11 inch and 16^ inch 
rimilar bearings of the radius rods and arms. These bearings 
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touch each otiier, as shown from / to the left on the elevatioi:. 
The annular space between the circles d! and f is fluted, as at 
/, and to the left, by the alternate thick and thin necks, ^LK 
and rf^ or H and J, through which the arms, E, and rods, FF', run. 
This cannot be very clearly shown without shading the eleva* 
tion, which may be done with fine efiFect 

The student may also usefully add a central section, on JF, 
and a cross section on 27, of the hub. 

C--SURFACE REOUIiATORS. 

After fly-wheels, column five of the general table of elements 
of machines affords no more examples for drawing till we come 
to volv/me elements. 

PUme throttle valves are simply like a common stove-pipe 
damper, a very rude contrivance. 

115. Single poppet valves lift off of their seats, instead of 
sliding across them, as do sUde valves^ whether reciprocating, 
or oscillating, as in the valves of a Corliss engine, which are like 
a door, only so thick that its thickness covers the opening which 
it commands, and so its wide cylindrical edge slides on and off 
the rectangular opening in its concave cylindrical seat. 

116. Cage valves, illustrated in my " Elementary Projection 
Drawing," and so called from their name, are used in locomo- 
tive pumps, and perhaps in some other similar situations, where 
a valve must act rapidly against great resistance. 

117. Oylmd/rical throtOe vdhes, to be illustrated by and by 
in a govenor, are the modem improvement over the old dam- 
per ti^ttles, and act to open a series of retangular openings at 
once, which, when fully open, give an area of opening equal 
to that of the pipe which they command. 

118. BaU valves are simply balls fitting a spherical seat 
They were formerly used instead of cage valve, in which the 
valve is a cylindrical cup with a fiat seat 

D— yOLXTME REGULATORS. 

119. Cooks are named from the number of passages which 
fiiey control, and consist essentially of a perforated conical 
stem, turning about its axis in its conical seat, whose waUs are 
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also perforated. Wlien the perforations coincide, a passage ii 
formed. When they do not, it is destroyed. 





Pio^fta 



Fia.491 



120. In globe valves^ so-called from the partly sphericjtl case 
in which the valve operates, the latter is conical, and lifts off 
its seat which connects two curtains, each of which cuts off 
half of the passage ; so that the latter, when the valve is 
fully open, is quite circuitous and obstructed. Still the globe 
valve has advocates, on account of an alleged diflSculty in 
tightly seating a flat gate without leaking, dislocation, or grind- 
ing friction in unseating. 

121. Water gatea^ used also for steam and gas, are very per- 
fect in theory, and highly esteemed in practice. Two of the 
best are made at Troy, New York. In one, the Ludlow valve, 
Figs. 49, 50, the gate is seated by the wedging action of an in- 
clined plane at its back, with an ingenious arrangement for 
loosening the valve from its seat before it begins to be drawn 
off the same. 

A vertical section of the apparatus is shown in Fig. 49. A 
is the valve box, through which the water flows from right to 
left or left to right. B is the valve or gate, ground to fit its 
face, cc. The rear of the valve box is formed with two wedge- 
shaped projections, dd^ shown in perspective in Fig. 50. Be- 
tween these projections and the valve, is the wedge, E, the ridge 
on its face pressing against the back of the valve, B. The valve 
stem raises and lowers the wedge, and through this, only, acts 
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Upon the valve. Upon the back of the valve is formed a lug^ 
A, which enters, loosely, a circular recess in the wedge, and by 
this arrangement the wedge is permitted to move upward a cer- 
*^ain distance, thus loosening the valve before it begins to rise. 
Whatever the position of the apparatus, the wedge cannot pinch 
the gate before the valve opening is covered. 

In the Brown valve, Fig. 51, the 
valve, V, is fastened by a brace, a, 
acting somewhat after the manner 
of a toggle joint, rising and falling 
with the valve, in standing guides, 
see the figures. It acts with very 
little, if any, injurious sliding un- 
der pressure between the valve 
and the seat, owing to the roller 
form of the ends of the brace. 

In all of the last three contri 
vances, the effectual packing of the 
valve stem, which should work in 
a tight collar, especially for steam 
and gas, is a matter still deserving 
of attention. 

All such devices as these, al- 
though practically very important, 
are hardly elements of machines in such a sense as to afford 
examples for full illustration, unless, as in the following cases, 
on account of their ingenuity, novelty, or grand importance. 
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Example XLTT. 

Chambered or *i?' Looomotwe slide valves ; Plain Ofnd Antir 

friction. 

Description. — The common slide valve, PI. IV., Fig. 2, is best 
understood in connection with the cylinder. T,T',T'' is its hol- 
low interior, which is suflScient to cover the exhaust port, hdy 
and either one of the steam ports, as ce. 

From the shape of the section, T", of the valve, it is often 
called a D valve, od — cf'd' — o'd'jpq is the rectangular yoke^ sur- 
rounding the body of the valve, and forged to the vah)e stem, s 
by which the valve i? actuated, baa^' — a^ is one of two stiffeninfj 
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ribs on top of the valve, shown in plan in dotted lines, the 
valve being there upside down. 

The valve is shown raised from its seat, gt^ Fig. 1, and out of 
position relative to the piston. Supposing the latter to be just 
about to begin its stroke to the left, the valve should be far 
enough to tie left to have opened the steam port, ce^ already, 
about one-eighth of an inch. This distance is called the lead 
of the valve, and it serves to admit live steam a little before the 
beginning of the stroke; which cushions the piston, and re- 
lieves it from the jerking strain of a very sudden change of 
motion. 

The difference between the width of the lip or face,y3l, of 
the valve, and the port, ce, is called the lap of the valve. Its 
amount, in this case 1 inch, determines the point in the piston 
stroke at which steam is cut off ; as will be more fully explained 
by and by. 

The minute recesses, as m and n^ which break joints with 
each other, serve to secure a lubrication of the valve seat by the 
steam. 

In contrast with the common slide valve, the friction of which 
is very great, PL XXIV., Fig. 3, represents a frictionless slide 
valve, which is believed to accomplish the purpose of saving 
the wear on the valve seats, eccentrics and other gear, caused 
by the excessive friction inherent in aU sliding valves. 

This valve is not of the balanced valve variety, which, for 
locomotives, has been thought to be impracticable, but, as seen by 
the figure, it works by changing a rubbing to a rolling friction. 
When the valve is in operation, it is so suspended from the 
axles of the rolls Il,K, by means of saddle plates SS, that it 
works just in steam tight contact with the seat A A, without any 
appreciable friction as the valve moves back and forth ; for the 
pressure comes upon the axles, BB, through the saddle plates, 
and so causes the rollers to roll upon the ways CO. In this 
movement of the rollers and axles, there is, however, no rubbing 
friction, as not only is the friction of the rollers upon the ways 
of the rolling kind, but so is the friction of the axles on the 
saddle plates, and hence there is no appreciable resistance what- 
ever to the movement of the valve created by the pressure of 
steam on the back of it. The rolls, axles, ways, and saddle 
plates, are of hardened steel, and subject to a crushing, not a 
rubbing force. It is said, that after a test of several years in 
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different engines, valvee bo applied, do not show the least indi- 
cation of wear. 

These valves are in use in locomotives on a number of the 
leading railroads of the United States, and can be put on any 
locomotive in a few hours' time. 

. Construction. — ^As there is a considerable difference in the 
size of the ports in different engines, the student can readily 
aasume these, and then draw the valve, either in plan and ele- 
vations, or in isometrical or oblique projection, from suitable 
measurements. 

Example XLIIL 

TremmrCs Balanced Piston Yat/oe. 

Description, — ^The valve of the steam engine has probably 
been the subject of more diought than any other piece of 




mechanism of equal size and simplicity. The great amount of 
power absorbed in working it, the strength and weight conse- 
quently required in all the parts connected with it, the constant 
wear and liability to break down, the delay and expense of 
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repairs, the diflSculty of reversing or working the valves of 
large engines by hand, are sufficiently well known. The object 
has been to relieve the common slide valve of the pressure of 
steam, and many ingenious contrivances have been invented for 
this purpose. This has been accomplished by the invention 
here illustrated. This balanced slide valve is of the piston 
variety, and its claims to superiority are of a novel chanuster, 
and such as to attract the attention of engineers and owners of 
steam engines. 

First, it is a perfectly balanced valve ; it requires no adjust- 
ment; it is simple and not liable to get out of order. The 
cost of its application to engines now used is small, while for 




Fia.68. 



dew engines, the reduction effected in the weight of all the 
valve-gear makes it much cheaper than the conmion valve. It 
is applicable to either high or low pressure engines, or when 
single valves at each end of the cylinder are used. By it a much 
longer port is obtained tlian by die common slide valve. In a 
steam chest eight inches in diameter, the circumference being 
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twenty-five inches, the steam port will be twenty-die 




Fl«.6S. 



inches. This is of very great advantage in clearing the cyliii' 
der of steam after it has done its worL 
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Fig. 52 is a longitudinal Bection, showing the application to 
eld engines now in use. The same letters refer to like parts. 
Fig. 53 is an end view of Fig. 52, showing the bolta, D,D, in 
dotted lines. Fig. 54 shows the manner of bolting the chest oii| 
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whe.1 it is not conTenient to cast it and the cylinder together. 
Fig. 56, valve heads connected by common pipe when the cylin- 
der is long. Fig. 56, valve showing guide, S, and the way the 
rings, H, are set out ; these rings, E, being in three parallel 
parts, prevent leakage of steam by breaking joints ; while the 
manner in which they are set out is adapted to prevent 
leakage by their being compressed inward by the steam. Fig. 
57 is an end view with steam chest cast on the cylinder. 

The valve is placed in the cylindrical steam chest, wnich has 
two grooves, A A, encircling it, which are in communication with 
the steam ports, A, which lead into the cylinder, L. Steam i^ 
admitted through the side pipe, J. The grooves, A,A, are 
covered by the ring, B, which forms the valve seat and contains 
the ports, j?jj?, through which steam passes into and out of the 
cylinder, L. £ is the opening for exhausting the steam from 
the cylinder. The valve, C, is hollow, and is secured upon the 
stem, G. The rings, E, are secured by the follower, I, which 
is recessed into the ring and will not come in contact with the 
seat, B. DD are bolts by which the chest is fastened to engines 
previously using the common slide valve. 

Ccmstructum, — ^Let the %ures be arranged, with the different 
devations of the same thing on the same leveL 



Example XUV. 
Balcmced Poppet Vdhes. 

Description. — ^In marine engines of comparatively short and 
quick stroke, as propeller engines, slide valves, like those of 
locomotives, but of proportionally larger size, are frequently 
used; while for engines of long and slow stroke, like beam 
engines generally, poppet valves are used. 

A poppet valve lifts off from its seat, and a balanced poppet- 
valve, PI. XXV., Fig. 1, where one-half of a valve is shown at 
AHB, has two seats, CD and od. These, like the valve, are cir- 
cular in plan, the figure being a vertical section ; and as steam 
entera from the steam pipe S, as shown by the arrows, the 
pressure dowmioa/rd of the steam at CD resists the opening of 
the valve, while the upward pressure at oi assists its opening. 
Hence, by making the diameter of the upper opening one inch 



Digitized by VjOOQ IC 



176 ELEMENTS OF 

greater than that of the lower one, the valve is lifted only against 
the downward pressure on a ring of half an inch in width, and, 
in this case, 23^ inches outside diameter. 

E^J is a vertical section of the steam chest of a marine beam 
engine built by the Novelty Works for the Pacific Mail Co., 
and with a cylinder 105 inches diameter, and 12 feet stroke. 
S is the steam pipe (see also PI. Y., Figs. 5, 6), bolted at EF to 
the vertical pipe leading to a similar chest at the top of the 
cylinder. Steam flowing into the spaces, KK, rushes through 
the openings made by the lifting of the steam valve AHB ; 
through the steam port, LL, into the bottom of the cylinder, and 
forces up the piston. 

At the same time, the upper exhaust valve, corresponding to 
ahb^ lifts, and sets free the steam which effected the previous 
stroke, and which then escapes through the exhaust pipe. This 
pipe is bolted on at ef^ and the steam thus passes on through G 
and the exhaust port, MM, to the condenser. 

Again, when the upward stroke is just about to end, the upper 
steam valve, corresponding to AHB, lifts and admits steam to 
" cushion " the piston at the end of its upward stroke, and drive 
it down again, while the lower exhaust valve, «AJ, opens and 
steam flows out of LL into G, and through M to the condenser. 
The partitions NN divide the steam, from the exhaust chamber. 
It is thus seen that live and exhaust steam can never meet un- 
less, as in LL, by the two valves AHB and cM^ being botli open 
at once for a moment 

The valves are circular, as seen in plan, and therefore suffi- 
ciently shown in the plate, by a half vertical section of each. 
Each valve is keyed, as at W^ to a vertical valve stem. The 
latter are connected by short horizontal arms to the vertical 
lifting rods, as V, Fig. 4, in front of the cylinder. These rods 
are lifted by wipers, W, keyed to an oscillating rock-shaft, R, 
which is operated by an eccentric on the main shaft; whose rod, 
£, takes hold of the free end of a rocker-arm. A, keyed to the 
rock-shaft. The wipers, W, act upon toes^ T, keyed to the 
lifting-rods, Y. 

The form of the upper surface of the wiper and its angular 
position on the rock-shaft, together with the position of the 
eccentric, determine the height and rapidity of the lift of the 
valve, and the points in the piston stroke at which it will open 
and close. By opening the steam valves just before the end of 
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a piston stroke, the piston is cushioned, so as to ease the shock 
of the sudden reversal of the motion of its heavy mass. Bj 
closing them at or soon after the middle of the stroke, the ben- 
efit of the expansive use of the steam is obtained. 

To avoid back pressure on the advancing face of the piston, 
the exhaust valves are larger, or are lifted higher, and held open 
longer than the steam valves ; as may be seen by watching the 
different motions of their two lifting-rods on any river-boat 
engine. This result is effected by making their toes shorter, 
wUle their wipers begin to act at a point nearer the rock-shaft 
than is the case with the steam-valve wipers. 

To enter minutely into this, and closely kindred subjects, with 
their theory, might occupy a small volume ; hence this descrip- 
tion closes vHith the following data from actual practice. 

First, in the Pacific Mail Steamers. 

Steam preasnie In boiler 18 Hml 

Mean preasore in <7linder Depends on point of ont-off. 

Diameter of cylinder. 105 inin 

Length of stroke. 13 feet. 

Steam ont-off at 2^ to feet 

Steam valve opening at beginning of stroke=lead=:-^ ins. 

Height to wbidh steam yalve is lifted=7f ins. 

Bizhanst yalve opening at beginning of stcoke=ezhanst lead or rdeM$=2i insL 

Height to whidh it is lifted=7f insL « 

The following data are from the engines of the remarkable 
shore steamers " Providence '' and "Bristol,*' and were furnished 
by Mr. Thomas Main, Eng., their designer for the Messrs. 
Boach, their builders : — 

1. steam pressore in boiler, above atmosphere. . 21 Ibik 

2 j Diameter of cylinder llOinai 

' ( Of side pipes 80 insi 

8. Length of stroke 13ft 

4. Usoal point of ont-off 5 ft 

* 5. Hean pressure in cylinder, about 25 lbs. 

8. Lead of steam (poppet) valve 'frtoj* inn 

7. Total lift of steam yalve S^ins. 

5. Diameters of do. dOandidlina 

9. Lead of exhaust valves d| ins. 

10. Total lift of do. Tina 

11. Diameters of do 21 and 22 ins. 

12. T'Atm boilers, eadh 85 ft long bj 12 ft 5 ins. diar 

la Grate surface 510 sq. ft 

14. Fire surface 18,850 sq. ft 

12 
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16. Smf aoe oondenaer. Siii£aoe 4,500 aq. ft 

16 Paiddle-wheelB, 88 ft 8 ins. diameter, 12 ft face. Paddlee ''stepped* 



thus 



to prevent jar. 
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Bteamaihip "ProTidenoe." 

Date. April 80th, 1869. 

Whioh end of ojlinder. ,,% Both. 

Beyolutions per minute 17i. 

PreBSoxe of steam in boilezB', in lbs 21. 

Point of cnt-oif 6 ft 

Position of throttle-yalye Open. 

Yaoanm per gauge, in inohea. 26. 

Tempexatore of hot well, Fahrenheit 122^ 

Scale of indioator, 16 lbs. to an inch. 

Construction. — The student can show the whole of each 
valve and a plan of one, and the scale for the steam-chest 
being reduced from -j^^^ to -^j or even to ^^ the valves may be 
shown separately on a scale of from OTL^o^^th to oxi&-eigkth, 
with enlarged sections at the seat, as in Figs. 2 and 3. 

122. The general view, Fig. 68, will make the above example 
more intelligible. 

G, is the heavy supporting frame of the whole engine, and 
called the gallows frame; C, is the st^am cylinder; B, the 
working beam ; BR, the connecting rod ; EJ, the crank, turn- 
ing the main shaft, in the pillow-block h. A, is the air-pump ; 
F, a force-pump for supplying water to the surface condenser, 
S (PI. v.), through passages in the bed-plate, P (PL VIII.). W, 
is one of the paddle-wheels ; V, is the steam, or valve-chest, r 
and r are the rocker-arms, see A, PL XXV., Fig. 4, the pins of 
which are engaged by the eccentric hooks. The rock-shaft, ?t, 
is in two parts, which meet at a common central bearing. One 
eccentric is for the steam, and the other for the exhaust valves. 
The former has a large throw so as to actuate its rocker through 
a large arc, and quickly. A long and adjustable wiper on its 
rock-shaft, acting on the toe, T, PL XXY., only during a part 
of its arc, raises that toe with the steam valve quickly, and 
closes it at a point in the stroke, depending on the angular 
position at which the wiper is set on the rock-shaft 

123. The following abstracts from observations at sea are in* 
tercsting, as showing the relation of cut-o£E to cylinder and 
boiler pressures : 

1^ Steamship "Montana." 

Whieh engine, main. Which end of oyL, top and bot. Bev*nB 9 min., 9l 

Throttle, wide. Steam, 18 Ibi; Tacanm, S7 fai& 

flea water tem^re, O*. Dtaidiarge water tem*re^ 70^. Feed water temVa, 190*. 

Bnglneroomtem*i«,70<'. OMUA,%tt. Goal V hour, S,686 Itaa. 

Initial <7linder preemire, top, 1&8 Ibe., bottom, 18.9 Iba. 
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2^ Steamship " Montana." 

Wtakh «ngiiie, nudxu Whichendof cyl., top andbot. BeT*na 9 ain^ H 

Thcottie, wide. Btotaa, 90 Ibai Vacanm, 87 ins. 

8«a water tem^ro, 80^. Diecharge water tem're, 90^. Feed water tem'ra, IKP. 

Engine room tem^re, M^. Cat-off^ S ft. 6 ina. Coal 9 hour, 8,614 Uni 

Initial oylinder prevore, top, 17.1 Ibe., bottom, 17.6 Iba. 

8**. Steamflhip " Montana." 

Whioh engine, main. Whioh end of i^U, top and bot BeT*na 9 lain** 7.& 

TbzotHe, ^ open. Steam, 81 Ibo. Vacnnm, 87 Ina. 

Sea water tem're, 88*. Duoharge water temVe, 94*. Feed water tem^ 180*. 

Bngliw room tem*re, 86*. CntK>fl, 8 fU Goal 9 honr, 9,80a 

Strong bead* wind and eea. 

Initial <vlinder presmre, top, 1&9 Ibe., bottom, 19.8 Uml 

4®. Steamship " Montana." 

Wbioh engine, main. Wbiob end of cyL, top and bot Rev^na 9 ndn., & 

Throttle, wide^ Steam, 81 lbs. Taonnm, 87 ina. 

Sea water tem're, 84*. Dleoharge water tem're, 90*. Feed water tem^r^ 180*. 

Bnglne rooom temVe, 86*. CntofC, 8 ft 6 ins. Coal 9 ^oxur^ 8,985. 

Initial <7Undar preeeare, top, 80.5 Ibo., bottom, 81 Ibo. 

• The increasing difference between boiler and cylinder i)refl- 
snre as the cut-off takes place earlier, indicates the increaseil 
wire drawing of the steam, as the steam valves are less lifted 
and quicker closed. 

The difference between the sea-water temperature and the 
discharge-water temperature shows how much the sea water is 
heated in passing through the condenser tubes. 

The increase of fuel required to maintain the boiler pressure 
as the cut-off is later, is also noticeable. 



Example XLV. 
Hichardsan^a Locomotive and LocJo-up Safety Valve. 

Description. — ^Fig. 69 represents tiie form of this valve, as 
applied to locomotives, on a scale of one-half. 

AA, represents a section of an ordinary dome cap or plate, 
with the projecting lip or flange a, which may be cast on, and 
form a part of the valve seat B ; or it may be formed by letting 
the bush, B, down into the dome cap. 

BB, is a section of a brass busli, on which is formed the 
v&Ive seat, KK, which should be bored with a spherical rose 
cutter, having a If^inch radius. 

00, is a section of a four-winged valve with chamber &' 
formed by a lip projecting ^th of an inch beyond and drop 
ping ^th of an inch below the top of the bush B. 



Digitized by V3OOQ IC 



MACHINK CONSTRUCTION AND DRAWING. 



183 




Fie. 60. 

DDy 18 a Bteel spindle, with the plate E shrunk on^-and 
turned true. That portion of E indicated by the dotted line 
should fit closely witfiin the spring. The spindle should bear 
on its pointy dy and be -^^th of an inch loose in the bore. The 
upper end of the spindle passes through the cross-head, G, -^tb 
of an inch loose, which keeps it in a central position, at the 
same time allowing it to move freely up and down. 

FF, is a helical spring, supported by the plate E, and bear 
ing against the cross-head G. This spring is formed of a bar of 
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f-iucli cast Btael, 40^ inches long, with the ends tapered 3 
inches, and when coiled, faced off at both ends and tempered. 

GG, is the cross-head, made of hard brass, and adjusted by 
the nuts 11 on the studs HH, which are screwed into the dome 
cap AA. 

J J, is a section of a washer fitting closely to the spindle, lut 
moving freely thereon, for the purpose of keeping the sparks or 
cinders from filling up the space surrounding it. 

The cut may be regarded as a working drawing for a 2^inch 
valve (the locomotive size), in which the spring is represented 
as uncompressed. For 100 pounds pressure the spring should 
be screwed down f ths of an inch, and proportionately for any 
other pressure. In setting this valve, the steam gauge should 
be krunon to be accurate, and the connecting pipe dear. The 
cross-bar, GG, may be of any length which circumstances shall 
require ; but the hole through which the spindle passes should 
line CLOOv/ra^dy with the bore in the bush. Should the pressure 
be reduced too much before the valve closes, increase the out- 
let from </' to ^ by turning out the lip of the valve a very 
little ; which relieves, the upward presure in o". 

It is now evident that, as soon as the steam pressure exceeds 
what is intended, it will start the valve from its seat, and then 
it has a surface of the larger diameter nearly equal to LL, to act 
upon. Thus the additional force necessary to overcome the in- 
creased resistance of the spring as it is lifted is obtained, and a 
free escape for the surplus steam is secured.* 

Fig. 60 represents the lock-up valve for stationary and steam- 
boat boilers. The same is shown to scale in PI. XXIV., Fig. 
4, where the plan shows half of the valve case cover, CO', 
and the whole of the nut cover, D', removed. The elevation is 
half in vertical section. Like letters refer to like parts on all 
the figures. 

A,A.' is the inlet from the boiler. B is the valve, winged, as 
at &,&^, with four wings, and resting on its seat at the top of * 
the bush c^g\ and enclosing the spindle d^dl. S,S' is a thin 
screw, by which the spring E,E' is compressed to the intended 
pressure. Steam, lifting the valve by compressing the spring 
from below, escapes into the space F,F', and thence through an 
outlet pipe, carried from GG' to any convenient point of dis- 
charge. A padlock being locked into the staple aa\ cuts off 
access to the nuts nn\ which hold down f he valve case cover 
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00', and thus prevents tampering with the valve. A hand 
lever, K, allows the valve to be lifted by hand, if need be, to as- 
certain whether it has become stuck to its seat 

GonatructioTu-r-^Tom, Fig. 59, a plan view can be made, by 
assuming only a few of the measurements. And by careful 
comparison of the two projections of PL XXIV., Fig. 4, with 
Fig. 60 to serve in place of a model, an elevation or section 
looking in the direction of the arrow,^, may be made. 

The lock-up valve is made of various sizes ; hence, as PI. 
XXIV., Fig. 4, is drawn to scale, to show its proportions^ 
measurements may be assigned to it, according to any suitable 
scale, so as to make the student's drawing larger or smaller 
tihan this one. 

Example XLVL 

A Dovhle-Beat Pvmp Valve. 

jDewription. — ^PL XXX., Fig. 2, represents such a valve 
Before describing the valve itself, its place in the pump should 
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be understood, and the nature of its action and relation to ad- 
jacent parts. 

The magnitude of the great pumping engines forbids the 
use of any such valves as are found in common hand pumps ; 
and the necessary size of single valves woidd make them cum- 
brous. 

For example, the cylinder of Brooklyn Pumping Engine No. 
3, is of 85 inches diameter, with 10 feet stroke. The pump is 
directly under the cylinder, of 514 inches diameter, and 10 
feet sti'oke. As the bucket of this pump ascends, it lifts the 
water above it, and the pump is filled by water rushing up 
through a group of 20 foot-valves, commanding inlets of llj 
inches diameter each ; and all contained in a chamber of 89^ 
inches diameter. On the down stroke, a valve of 44 inches 
diameter opens in the bucket itself, together witli 13 others of 
the size before given, and placed around an annular space sur- 
rounding the pump-barrel, and opening into it 

Now, to diminish the work of lifting these valves in the 
water, they are made as in the %ure, where the annular seats, 
E and F, are called heats. There being two of these, the valve 
is called a double-beat valve. The figure is a plan and sec- 
tional elevation, and the parts shown in section line are of uni- 
form section all around tlie valve. Whence it is plain that the 
valve is lifted against the vertical pressure of an annular 
column of water of the horizontal width from c \o e. The 
bridges, H, slide up and down on the stem, G-, as a guide. The 
unshaded parts are six radial arms, or wings, to stiffen the 
valve wall L Thus the water escapes, as shown by the arrows 
tf andyi 

The seats E and F may be of wood, or other like material, to 
avoid heavy concussion in closing the valves. 

Though a partial digression, it may be added that this double 
acting pump is built upon what is called the fly-wheel system. 
That is, at the opposite end of the working beam — ^which is 81 
ceet long, and weighs 30 tons — ^is a 26 foot fly-wheel in 10 seg* 
ments, and weighing 36 tons ; on a shaft 20 inches diameter. 
And it is reported, after oflScial trial, that the work done is the 
raising of 72,000,000 pounds, 1 foot lot every 100 pounds of coal 
consumed, which is equivalent to 81,000,000 pounds raised 1 foot 
by 112 pounds of coal, the standiu*d of fuel weight given in 
some English authorities. 
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Thifl engine is reported as doing about double the duly in 
propor^on to the fuel, that is done by engines Nos. 1 and 2, 
each having a force pump at each end of the beam, and no fly- 
wheel. The celebrated Oomiah engines are without fiy-wheelsy 
and have a steam cylinder at one end of the beam and the 
pump at the other, with the pump-end of the beam shorter 
than the other. 

We cannot enter into the discussion of the relative merits of 
these and other forms of pumping engines, but must refer the 
reader to the Jour. Franklin Institute for 1868-69-70, Bourne's 
works on the steam engine, etc. 

It seems probable that the marvellous duty of 100 to 120 
miBian pounds raised 1 foot, per 100 pounds of coal burned, 
attributed to the Cornish engines, may be partly, at least, 
owing to the fact that their construction, with suitable boilers 
also, has been made a specialty for many years, under every 
stimulus of necessity for economical results, that could well exist. 

CanstrucHon. — ^As the many dotted circles in the plan are 
hardly intelligible before a careful tracing out of their vertical 
projections, the student should, as a study, draw this valve on a 
scale of one-^bt^^A, or even one-half y and then add the tangent 
projecting lines of every circle of the plan 

ExAMPUB XLVIL 
l%e Cornish EquiUbriwn Vaihe, 

Description. — ^This is a steam valve, used on the Cornish 
engines already i*ef erred to. Its conicid seats are mn and opy 
on which rest the corresponding edges MN and OP, of the 
valve when that is seated. Otherwise, the figure explains itself. 

Construction. — ^The horizontal section shows in section lines 
the radial supports of the valve walL See also the directions 
in the last problem. 

Example XLVITL 

Oiffa/rd^s Injector. 

Description. — ^This, as well as the last device described, is 
rather an instrument (80) than a machine, as its moving parts 
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are separately adjustable, jet as it is not used separately , but an 
an accessory to the steam engine, we make a place for it 

Gi£Fard's Injector, PL XXIY., Fig, 5, is a contrivance for 
making the steam power in a boiler, feed the boiler with water, 
by means of the work developed by the rush of the steam to- 
wards the vacuimi constantly tending to form where the steam 
is condensed by contact with the cold water supply ; that is, 
ultimately, by ihe conversion of the heat of the steam into its 
equivalent in mechanical force at that point 

We will, before explaining the action of the injector, give a 
general description of the apparatus as improved and made by 
William Sellers & Co. It is in two parts, joined at ee by bolts 
dd. A A is the steam inlet, separated from the water inlet K 
by the partition^ BB, a screwed rod, operated by the winch 
a, and which, by rising and lowering through the nut n, adjusts 
the opening at C, and hence the flow of steam to form the jet 
B is hollow and perforated, so that a little steam will flow 
through it, even when closed down. D is a tube, combined 
with a piston, FF, which slides in the space Fd, as actuated by 
the overflow of excess of water at E. The delivery tube, G, is 
attached to, and moves with FD, the piston tube. H is the 
waste valve operating in the small space at Oy and allows any 
overflow from G to escape. This valve is sometimes opened 
laterally by hand, acting on a screw stem through H. J is the 
foot vfiive, here shown wide open ; and which, when closed, 
prevents the return of water from the boiler, when the injector 
is not working. L is the outlet to the boiler. The pipes con- 
necting at A, K, and L should be of the same diameter as those 
apertures, and as short and straight as possible. Steam is let 
on by a cock in the pipe entering at A ; and there should 
be a regulating cock in the water pipe entering at K, in case 
the water flows in under pressure as from a level above the 
injector, instead of being lifted from below, as is often done. 

Operation. — Screw down the plug B to its lowest point, when 
steam issuing through the small perforation in it, before described, 
and from its point, will act to produce a vacuum about D, 
which will draw water in, as by " suction," at K, and force it 
along to H and out at I, iJie valve J being closed by the boiler 
pressure. The screw plug B being then drawn outward, the flow 
of steam will increase until the force of the combined steam and 
water current opens J, and proceeds on into the boiler. If now 
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the water supply be too ffreat^ there will be an overflow at E, 
which will accumulate in NN, and drive back the piston tube 
FFD, and thus narrow the water entrance ; see the arrow at 
D, and properly reduce the water supply. But if the water 
supply be relatively too smally the freer rush of steam through 
the nozzle AO, will produce a partial vacuum around C, into 
which, water flowing more forcibly, will drive back FFB, and 
enter more abundantly. This self-regulating feature is of great 
value by dispensing with frequent regulations, by hand, of the 
relative steam and water supplies which are oftener required, 
the more variable is the boiler pressure. 

Theory. — ^This can be most clearly apprehended in a general 
way, by reference to an analogous device, in which the steam 
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current from the boiler is represented by a visible solid, shot 
out by the agency of an elastic medium. See Fig. 61, where A 
and B are two closed air vessels, fixed on a common support D, 
and connected by a tube C ; and thus chai^ged alike by a con- 
densing syringe attached to either of them. In one end of A, 
is the valve d, opening inward ; while B is an air pistol, dis- 
charging a ball dbrough a tube, T, when the air pressure is di- 
rected against the ball by the springing open of a cock. The 
ball thus discharged, and striking the valve ^, will open it, and 
enter the chamber A. 

To understand this, we have only to consider the difference 
between stationary j?r««*Mrtf and the a(XMmulated forcsj repre- 
sented by a moving mass. 

Prewwrsy as 100 pounds to 1 square inch, against an un- 
yielding resistance, and continually neutralized by it, is a unit, 
as compared with the Ivoing force developed by the motion of 
a heavy mass, and representing the sum of the units due to the 
repeated action of this pressure in producing more and more 
motion at each instant while the pressure acts. 

Thus, the force exerted by the ball upon tlie valve «, repre- 
sents the sum of all the effects produced upon the ball by the 
pressure, in all the instants while it is passing throu^i^h T; while 
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the resistance of the valve e is dne to the equal pressure ex* 
erted on it in only the single instant in which it opens. 

Or, in other words, before all parts concerned can come to rest, 
there mnst be an equation of works. Work is the product of 
weight into space passed over ; and the work represented by 
the motion of the ball, must be given out before the ball can 
stop. But without motion there can be no work ; hence, when 
the ball encounters the valve, held down by a pressure, less 
than will resist the whole indenting effect of the ball upon an 
unyielding mass, motion will be imparted to the valve. 

Returning now to the injector, die valve J, unyielding in a 
direction yr^>m the boiler, receives the static pressure of the 
water from the boiler, and is analogous to the valve ^, above. 
The issuing steam is analogous to the ball shot from T, and no 
less so, though of the same form of matter as the agent which 
propels it, viz., other steam in the boiler, discharging itself by 
its own elastic force. This discharged steam, reducing its ve- 
locity by mixture, in condensation, with many times its weight of 
water, will still force open the valve J, so long as the quantity of 
water taken along witti it, gives a velocity and living force to 
the entering jet of combined steam and water, greater than the 
living force of a jet of water alone issuing from the boiler. 
And this is just what reaUy occurs. 

A point of difference between tlie injector and the air pistol, 
and in favor of the former, is that the dilatation of the freely 
escaping steam, which is further increased by the tendency to a 
vacuum constantly existing by reason of condensation at its 
contact with the water, increases its velocity, and hence its 
living force. The Uving force of a unit of weight of steam at 
its issue, represents a quantity of workj measured by the weight 
of that steam, falling through the heighb to which its particles, 
considered as projected atoms, would ascend by reason of their 
velocity of issue from the steam nozzle. And, as before, so 
long as the additional weight of water drawn into the steam jet 
does not reduce the velocity, and consequently the living force 
of the mingled jet to less than that of water alone of the 
same temperature issuing directly from the boiler, the former 
will prevail and enter the boiler. 

If the steam pressure in the boiler be increased, the steam jet 
will have a greater velocity, but still more, an increased weight 
relative to the water portion of the jet, comparing units of each. 
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Hence it will take up a less number of times its own weight 
of water before reducing the living force of the feed jet to leas 
than that of a water jet alone from the boiler. That is, the 
lower the boiler pressure the more effective relatively will be the 
injector. Thus, an injector which will deliver 200 cubic feet 
of water per hour under a steam pressure of 50 lbs. per square 
inch, will deliver but 264 cubic feet at 100 lbs. per square inch, 
and 828 cubic feet at 150 lbs. per square inch. 

If, however, the water supplied at K were too hot to permit 
the condensation of the steam, the injector would cease to act; 
and, accordingly, the hotter the feed water, the less will be 
thrown into the boiler. Combining this with the preceding ro- 
suit, greater heat of feed water can be purchased by the sacri- 
fice of quantity ; and this can be done more fully, the less the 
steam pressure. Hence, directions for using the injector give 
the maximum advisable temperature for different boiler prefr- 
Bures. Thus, at a steam pressure of 30 lbs. per square inch, the 
temperature of the feed water may be 130° F. ; at 100 lbs; 
pressure, the feed may be at 110° F., etc. 

A full physico-mechanical theory of the injector, treated an- 
alytically, and with numerical computations, is given from M. 
Oomljes in the Journal of the Franklin Institute for May, 1860, 
and an extended general explanation and description of its sev- 
eral applications, in the same Journal for July, August, and 
September, 1868. To these, from which the foregoing was 
partly taken, the reader is referred for particulars which belong 
more to physical mechanics than to this work. 

Construction. — PI. XXTY., Fig. 6, shows a section through 
the axis of the injector, which is here supposed to be horizontal, 
as is usual in practice. As nearly every section perpendicular 
to the axis, would show only circles, any number of cross sec- 
tions can be made by the student 

The figure was prepared from a beautiful model presented 
by the makers, Wm. Sellers & Co., and differing from the work- 
ing form only in having a quarter of the case cut out so that 
the interior was exposed, without taking the instrument to 
nieces. 

The injector is made of various sizes. By taking the diame- 
ter of each of the openings A, K,andLaslinch,itwillfl6rveai 
a scale for the drawing, in the present example. 
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CUSS V -MODULATORS. 

124. MoDui«ATOB8 (39) serve to discontmue moticnB thai 
would otherwise go on ; to mamtain motions that would other- 
wise stop even though the motive power were not withdrawn ; to 
change the relative directions of motions ; or the ratio of their 
velocities ; and that, suddenly, or gradually. 

The term, nwdtelatorSy is preferred to modifiers^ on account of 
its less common use and consequent greater precision. If to 
modify be to adapt a general law to a special case, then to 
modulate may be to impress a determinate law of change, or a 
change according to a determinate law, upon a given form of 
action. 

125. Many, if not most, modulators are, like many regulators, 
compound orgwM or ^vb-rnauMnss^ and few, if any simple mod- 
ulators afiEord valuable drawing exercises, after what have 
already been presented. This entire class of organs may there- 
fore here be passed over with a few remarks upon the examples 
mentioned in the column of modidators in the Table L 

A— Point Modulators. 

126. An iSler pvUey is merely a small wheel, or roller, 
mounted in a swinging frame, or in movable bearings ; so that 
it can be pressed against a belt, to tighten it, and give it a firm- 
er hold upon a pair of band wheels, or to throw them in and 
out of gear if need be. 

B — ^Line Modulators. 

127. An escapement is a purely mechanical means for con- 
verting an oscillating into a rotary motion in one direction by 
alternately enga^ng and disengaging peculiarly adjusted arms, 
vrith the teeth of a peculiarly designed wheel. It also serves 
for regularly intermitting, for the purpose of restraining, a 
motion that might otherwise soon run down. To be of much 
use or interest as a subject of study, it must be shown in connec- 
tion with the parts adjacent to it, and is therefore deferred tiU 
the chapter on compound organs shall be read. 

1 28. Band ahifters are very generally moved by an adjast- 
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able projecting piece called a dog, which is clamped to Bome 
moving part of a machine, as the table of an iron planer, so ai 
to operate a jointed lever 
which carries the shifting 
arm. 

129. ChOohea generally 
are devices for coupling or rdl 
micoupling at pleasure the 
successive pieces in a line of b^ 
shafting, or of causing the 
shaft to communicate its mo- 
tion or not FM.ai 

Fig. 62 represents a pin 
dutc^, in which the disk A, is keyed to tiie shaft, 0, by the long 
feather, ddy and is pierced with holes, into which the pins of the 
disk, 6, enter. Kow if B revolve loosely on the shaft, or if it 
be keyed to a shaft, which is divided, between the disks, the 
shaft 0, with A and B, will all revolve together by pressing up 
A against B till the pins enter the holes in A« 

130. Single slide rests are merely stationary supports, ad- 
justable to any position for the cutting tool held by the operator 
of a hand lathe. 



O— SUBFAOE MODULATOBS. 

a— Plane Modulators. 

131. Variable orank. 
Fig. 63 shows what may be 
calledaplane variable crank. 
A and B are two disks. A 
contains the radial slot, j^, 
and B the spiral slot, indi- 
cated by a single line, j>kq. 
If now, a crank-pin,jp, be free 
to move in both slots, it will 
follow both, and give a va- 
riable angular velocity to A, 
which may be varied by re- 
volving B in the same way 
at a less speed, in the opposite way, or not at alL 
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b— Developable Modulators. 
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132. Speed pulleys (Fig. 64) are familiar objeoti 
in all machine ahope, for altering the speed of any 
given machine according to the work to be done 
upon it, by shifting the band, J, from one to an- 
other of the pulleys, all of which revolve on the 
same shaft Such band pulleys are arranged in two sets with 
the largest of one set opposite to, and working with, the small- 
est of the other, and with the sum of the diameters of any pair 
that act together constant 

The following theorem and problem express the main points 
of interest relative to speed puUeys. 
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If the hand he eroseedy it wiU he equally tight on eoerypair 
of opposite pvUeys. 

Let BO and DE, Fig. 65, be the radii of a 
pair of pulleys; and CE, a common tangent, 
a portion of the crossed band. Make BF 
parallel to CE, and hence tangent to the cir- 
cle DF = DE 4- CB. 

Now since similar arcs are as their radii, 
and measure the same angle at the centre, 
they may be represented by that angle, mul- 
tiplied by their respective radii. Also note 
that ABO = FDG, and we have 
HE + EO + OA = EO -*- DH • m -I- BO • m 
= EC-fDF-«i 
= BF + FG. 
That is, the half length, and hence the whole 
length, of the band is constant for any pair 
of pulleys whose added diameters equals DF. Hence, as stated, 
the band will be of uniform tightneaa. 
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Pbobleic X 

To form a 9et of gpeed jfidUys to give a series of velocity 
ratios in geometrical progression. 

Let the greatest and least diameters of the pulleys be 6 

inches and 15 inches. As both sets are alike, the extremes of 

the series of velocity ratios will be reciprocals of each other, 

viz.: 

6 ^16 2^6 
_ and — or - and -• 
16 6 6 2 

Now let there be three intermediate ratios ; that is, terms to 
this series. 

The property of a logarithmic spiral, that its equidistant radii * 
are in geometrical progression, enables ns to find the required 
terms graphically. 

To oonstract the spiral, make a figure as f qDows, Fig. 66, 




7IA.61 

where AO:AB::AE:AD::AG: AF, etc ; 
or AO : AE :: AE : AG :: AG : AI, etc 

Thus AO, AE, AG, etc., are in geometrical progression. Now 
describe a circle with any convenient radius A&, Fig. 67, divide 
it into any ntmiber of equal parts, hCj etc. The smaller these 
parts and the larger the radius A&, the more accurate will be 
the results to be obtained. 

Then, beginning on A&, for example, make Aa = Aa^ Fig. 

.66; AO = AO, Fig. 66; AG = AG, Fig. 66, etc To avoid 

confusion, not all the racUi from AO to A3, Fig. 67, are shown, 

on which the successive distances from AO to Aa^ Fig. 66, are 

13 
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laid off. The cnrve through a, 0, 0, E . • • . E will be the re. 
quired auxiliary spiral. 

Now, in the given example, the extreme ratios are -ff and -^j 
or I and 2^. Then take these distances as radii on any con- 
venient scale (a scale of inches was used in this construction), 
and A as a centre, and describe arcs, intersecting the spiral at 
p and T. Finally, divide PT, where P is on Aj? produced; 
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into four equal parts, and draw the radiak AQ, AB, etc., 
through the points of division, and A^, Ar, and As will be the 
three desired intermediate terms of the progression, of which 
AP = l> *^^ ^"^ = 2J, are the extremes. 

These distances are the values of the ratios of the velocities 
of the successive pairs of pulleys of the required set, and the 
sum of the diameters of these pairs is constant We have then 
to divide a given line into two parts having a given ratioi 
How shall this ratio be expressed t Sia and fifteen are the 
diameters of the extreme pulleys which act together, and to 
express their ratio, and thus that of their velocities, by a propor- 
tion, we have 

16 : 6 : : 1 : •^, or I, 

and a like proportion would be found for each pair of opposite 
pulleys. Hence let MN, Fig. 68, represent the full size of the 
constant sum of the diameters, = 21 ins. Tliat is, in the actual 
case supposed, MN would be 21 ins. We shall then, as shown 




in the figure, divide it first into two parts whose ratio shall be A^, 
that is two parts, MX and KX, which shall be to each other as 
1 and A^, 1 being 1 unit of the same scale (inches in Fig. 67), 
from which Ajp = |, and AT = f , were taken. The parts of 
MN will be the diameters of one pair of pulleys. Next divide 
MN into two parts, which shall be to each other as 1 and Ar, 
etc. 

By constructing all these figures of large size and in fine 
lines, on very heavy smooth paper, and with a foot instead of 
an inch for the unit, MA, Fig. 68, of the scale on which A^, 
Ar, etc.. Fig. 67, are laid ofF, the results will doubtless be prao^ 
tically as accurate as if found by computation. 

188. Cons pvUeySy Fig. 69, are another device for adjusting 
velocity ratio ; but, by imperceptibly small variations instead of 
definitely differing ones, as in the use of speed pulleys. 

184. headpvUeys revolve loosely on their shafts, so that when 
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a band is shifted to them the machine driven by that shaft 

stops. 

185. Sectoral motionSyVig. 
70, afford variable velocity 
ratios by toothed sectors, ar- 
ranged in parallel planes, so 
that any two, which act to- 
gether, are in the same plane 
and the snm of the radii is 
constant and eqnal to OQ, the 
distance between the parallel 
axes of motion. 

A clearer idea of such mo- 
tions may be had by analysing 
Fig. 70. Let the revolution 
be in the sense of the arrows, 
and let the equal quadrants M 
and M' begin contact at A. 





Vjd^TOl 



Then, after a quarter revolution, a and a will be together at A 
Then the quadrant N' engages with N, and after another quarter 
revolution of Q, h and h will unite at B. Arc db=^dbonW and 
the velocity ratio is as Qc^ to OcL Then B and "B! act together, 
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with the velocity ratio —- till o and </ coincide at C. O has 

now made a complete revolation, but Q has made less than one 
revolution by the angle c'QA, ffo' being equal top/o. To bring 
the radii QA and OA of the quadrants M and M' together 
again at A, the wheel Q alone must revolve through the angle 
CQy. For this, an imaginary sector, of radius QO, must act 
with a like sector of radius = at O. Otherwise, cut off R' 
by the radius Q«, and R, by the arc c^= ec'y and then 
divide QO into segments inversely as the arcs Am and An, for 
the radii of a fourth pair of sectors, QA'H, and OAH, marked 
S' and S, which will cause M and M' to begin contact again 
after one complete and simultaneous revolution of ettch wheel. 
136. EUi{ptio gea/rSy when used merely to make a motion 
quick in some parts and slow in others, and not arbitrarily, but 
for a special reason, are modulators. They are simply equal 
and similar toothed elliptic wheels, with teeth formed by a con- 
stant generating circle as in circular gearing. But then* centres 
of motion are foci, at a distance apart equal to the transverse 
axis, and the point of contact will then be on the line of centres. 
Elliptic gears are sometimes seen in slotting machines, for planing 
such parts as the insides of connecting rod straps, where the 
cutti^ tool, instead of the piece to be planed, travels back and 
forth. Hence, it is a valuable saving of time to have the tool 
move faster on its back stroke when it is idle ; as the planer 
table does when it travels imder a fixed tool. The driving 
ellipse revolves imif ormly, then its longer radii will act with 
the shorter ones of the follower, giving the latter a high angu- 
lar velocity, during the retreat of the tool, and contrariwise 
during the advance of the tooL 

e— Warped Modulators. 

187. The heUooidal ciutehj Fig. 71, is merely one in which 
the coinciding edges, as dbj may 
be helices, and boundaries of 
right helicoidal surfaces. They 
come together easily, and if B 
be the driving shaft revolving 
as shown by the arrow, it has 
fair bearing surfaces, as ao, at 
right angles to the direction of motion* 
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d— Double Curved Modulators. 

188. Double cfurved ^peedjpuUei/Sj Fig. 72, may have varioui 

Of orms, according to the particular condi- 
tioiiB, not necessaiy to discnss here, which 
may be impoeed upon them. Thus, equal 
lateral shiftB of the belt may be required 
to produce equal d^erenoesj or equal rc^ 
tio8 of successive velocity ratio. But an 
analytical discussion of such data is a use- 
no. n. ^^^ refinement, since, unless the band be 
reduced to a perfectly ineztensible and un« 
iIiiq[ttDg Kne^ the results obtained would not hold in praotioe. 
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CLASS TL-OPEMTORS. 

189. (Operators (89) are thoee parts in any machine wliich 
act directly on the raw material^ or to accomplish the work tc 
be done ; as the piston or plunger in a pnmp ; the cutter in a 
wood or iron planer; the shuttle in a loom, etc. They are really 
tools, operated by a machine instead of by hand ; and here it 
may be noted that when machines are used in making other 
machines, which in turn are employed in the manufacture or 
preparation of articles generally used, such as clothes, newt- 
papers, etc., the former are now often called tools (81). 

Though few of the examples in the column of operators in 
ihe General Table need illustration, on the plates, yet several 
are of interest to mention briefly* 



A— Point Operators. 
EZAMFUI XLIX. 

Movable Saw Teeth. 

140. Movable saw teeth, a recent invention, may here be men 
tioned first, by reason of the magnitude of the lumber manu- 
facture. 

Fig. 78 represents a tooth for sawing small logs. Above the 
line AB it is tempered ; the rest is soft enough to bend without 
breaking. This allows the throat A, Fig. 74, to be made larger 
than in solid saws, where the whole saw is tempered. A larger 
clearance is thus afforded for the shavings and dust cut away by 
the teeth. The perforations allow the teeth to retain their form 
as they wear out The teeth are made wider at the point, P, so 
that the whole surface of the saw will not press against the log. 

Fig. 74 shows a fragment of a saw, showing how the teeth are 
inserted in the plate. 

A shows a tooth inserted in a section or piece of the saw plate 
E. D the rivet, one-half in the saw plate and one-half in the 
tooth. B, the incision in the saw plate, has a Yrib made on the 
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plate to fit the corresponding groove in the tooth 0. The tooth 
is inserted in the following manner : Place the groove in the 
back or convex part of the tooth on the V that is fitted to re- 
ceive it, driving the end which has one-half of the rivet-hole in 
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fn.74. 
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it into the saw plate from the side, then put in the rivet and 
head it up to fill the countersink, and cut or file it off smootli 
with the plate, when the tooth will be held as firmly in the sa\^ 
as a solid tooth. The teeth are made thicker at the point than 
the saw plate, so they can be easily spread to give them the re 
quired set, and new teeth can be inserted in case an old one 
breaks or is torn out, which seldom happens. 




Fia. m 



Fig. 75 shows an arc of one of these saws in operation, and 
with the under side of the tooth, AB, tangent to a circle, GB, 
of three-fourths of the radius of the saw, the latter radius being 
estimated from the points of the teeth. 

141. Figs. 76 and 77 represent a recent improvement called 
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perforated saws. They are said to poesees many advantageSi 
BQch as the Baling of frequent '^gimuniiig/' that is cntting or 
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filing out the throats of teeth as they wear away ; prevention of 

expansion of the rim, and fracture at the inner angle of such a 

pointed throat as may be left 
by filing. line 2, Fig. 76, 
shows the line of wear, and 3 
the last tooth before tJie saw 
is worn out The labor of 
trimming the inner edges left 
by breaking out the bars be- 
tween the perforations is small. 
Fig. 78 represents a new 
patent form of cross-cut saws ; 
the short or clearing teeth are 
about •^ in. shorter than the 
long or cutting teeth, and act 
to clear the kerf of saw dust 

142. Fig. 79 shows the usual 
form of saw teeth, with the 
teeth bent alternately to right 
and left, to make the kerf 

wider than the thickness of the saw plate. 
MoTable-toothed circular saws are made of all diameters 

from 8 to 88 inches, and solid perforated ones from 4 to 72 

inches diameter. 
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With a Baw properly hung in a true vertical plane, and firm 
on its axis, or mandrel, and with the log carriage running steadir 
ly true on a firm bed, 9,000 feet per minute is pronounced a 
proper speed for the rim of a circular saw. 



Example L. 
LyaWB Podtim Motion ShutUe. 

Description. — ^By a ^^positwe motion " is meant one in which 
the moving piece is taken hold of by that which moves it, so 
that it must move unless there be an obstruction, sufficient to 
break the connection between the piec^ This is the character 
of most mechanical movements. On the other hand, the motion 
of a fiy-wheel after all steam has been shut off, that of a valve 
closed by a weight, or the nattiral fiow of water through an open 
pipe, are passive motions. In other words, positive or necessaiy 
motions take place because they mtist, while passive or Jree 
motions continue because nothing Sictivelj prevents. 

Now the motion of the shuttle of a loom is of the latter class. 
Any one who has seen the operation of either hand or power 
weaving, will remember that the shuttle is thrown through be^ 
tween the warp threads by hand, or by a rod called a picker staffs 
whose upper or free end gives the shuttle a quick thrust, and 
then leaves it to find its way across the loom. 

[The remainder of tliis description is condensed from the 
" Scientific American,'* and the " American Artisan.'^ 

Notwithstanding the persistence with which these methods 
of actuating the shuttle have continued, there have always ex^ 
isted serious difficulties, which it was desirable to obviate, 
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Without entering too minutely into details, we will specify a few 
important defects, that the important advantages which the 
device under consideration is destined to accomplish may be 
understood. 

First, the distance to which the shuttle can be thrown with 
certainty, either by the hand, or by the use of the picker staff, 
is limited; and the difficulty of weaving wide goods is con- 
sequently greater than that of making medium or narrow tex- 
tures of the same kind. 

Second, the motion of the shuttle, having no positive relation 
to the other parts of the loom, the operator has no control over 
it during the time it is traversing the distance between the 
shuttle boxes; and the motions of the other parts, if by 
accident they should take place a little too soon from any cause, 
are liable to clash with that of the shuttle. To illustrate this, 
suppose the shuttle, impelled by too feeble a stroke, to pause 
in its passage. In a power loom of the ordinary construction 
the lay, or vibrating frame which drives home the transverse 
thread to its place, would then make its beat, and either drive 
the shuttle through the warps, making an extensive breakage, 
or would spring the dents of tiie reed, or it would do both. 

In weaving fine goods, the bending of the dents cannot be 
wholly repaired. They cannot be again perfectly straightened 
without taking the piece out of the loom, and if the piece is 
woven to the end with such a defect in the reed, a slack woven 
streak will appear through the entire remainder of the tissue. 
In order that the shuttle may traverse with certainty, a i*egular 
speed must also be maintained, below which it is impossible to 
work a power loom with success. 

Third, the shuttle reaches the shuttle box after its flight in 
either direction, and comes to rest before the lay makes its 
beat. An adjustment so perfect that, at this point, the threads 
of the weft shall be firmly drawn up against the exterior threads 
of the warp opposite the shuttle, is neccessary to make a perfect 
selvedge. This perfect adjustment is difficult of attainment, 
BO much so that the character of the selvedge on a piece of linen 
or silk goods is one of the criterions by which the quality of 
the fabric is determined. 

To remedy these defects entirely, a motion radically different 
was required. The problem may be enunciated as follows : — 

Bequired to produce a positive and uniform motion in a 
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ehnttle, by means of an external appliance moving exteriorly tc 
the flheds of the warp without positive cormection between the 
shuttle cmd the motor through which it receives its motion. A 
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problem, which the majority of mechanics would have pro- 
nounced impossible, had not its possibility been demonstrated 
by this invention. But the problem is further complicated by 
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another condition which is omitted in the general enonciaiioii; 
namely, no lateral motion most be imparted to the threads of 
the warp. 

The ingenious method by which these conditions are fulfilled 
is shown by the aid of the accompanying figures, in which 
Fig. 80 represents the loom complete ; Fig. 81 represents all the 
mechanism of the positive shuttle motion — the parts not neces- 
sary to illustrate this being omitted ; Fig. 82 is a front view of 
the shuttle and its driver; Fig. 83 represents, in transverse 
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section, the lay-reed and raceway with the shuttle and its car- 
riage ; and Fig. 84 is a diagram illustrating the action of the 
shuttle-carriage and shuttle upon and in the warp. In Figs. 8S 
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ind 88 it will be seen that the shuttle p^ is furnished with two 
rollers, 4, which are supported — ^the lower part, db^ of the shed 
of the warp intervening while the shuttle passes through the 
shed — ^upon two rollers, 3, in the carriage. The carriage has 
two lower rollers, 2, which run upon the bottom of the lowei 
rail of the race-way, 2, and the shuttle has two upper rollers, 6, 
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which run against the bevelled under side of the upper rail, w^ 
of the race-way, which keeps the shuttle in place in £ront of the 
reed, n. 

The lay is carried by the swords, ^, in the usual manner, and 
the movement may be produced either by a crank-motion or by 
a cam; but the inventor perfers the cam, as it enables the 
movements of the lay and shuttle to be better timed. The 
shuttle carriage is connected at each end with a band, Uy 
Fig. 81, which passes over rollers 2, at each end of the lay ; 
thence downward and imder two rollers, c, attached to the 
lower parts of the swords, and around a horizontal pulley, <?, 
near the floor. Attached to this horizontal pulley, there is a 
pinion which gears with a horizontal sliding-rack, ^, which 
receives a reciprocating motion through a pitman, f^ from a 
crank-wrist, y, carried by a disk. A, on the lower end of a ver- 
tical shaft working in a stationary box, a, attached to the out- 
side of the loom framing. On the upper end of the vertical 
shaft there is a l)evel-gear, t, gearing with and deriving motion 
from a bevel-gear,^', on one end of the shaft, A, which carries 
the cams for operating the lay and those for producing the hai^- 
ness motion, by which alternate warp threads, as ah and o^, 
Fig. 83, are alternately raised and depressed, so as to interlace 
with the cross-thread or woof. The reciprocating motion given 
to the rack, «, by the bevel-gears,^', i, vertical shaft crank-wrist, 
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y, and pitman,/, produces, by its action on the pinion, an alter 
nate or reciprocating rotary motion of the pulley, dj which by 
alternately winding and unwinding the band, Uj on opposite 
sides, causes the band to move the shuttle carriage back and forth 
along the lay and under the warp, thereby causing the carriage 
to carry the shuttle back and forth through the open shed of 
the warp. 

One important feature of the motion is that the carriage 
carries the shuttle over the intervening lower shed of the warp 
without the friction which is produced by the fly-shuttle and 
which tends to break the warp. The manner in which this is 
effected is illustrated by the diagram. Fig. 84. The carriage has 
not even the slightest tendency to produce any lateral displace- 
ment of the warp yams. The lower rollers, 2, of the carriage are 
caused to derive a rotary motion, like that of the wheels of a 
road carriage, in their passage along the bottom of the race- 
way, and this motion is imparted, by contact, to the upper 
rollers, 8, in the opposite direction, as indicated by the arrows 
on the rollers in Fig. 84, since rollers 2 are in slotted bearings, 
so that the weight of O is borne by rollers 3. The shuttle is 
supposed in this figure to be moving to the right The dots, 6, 
represent one of the threads of the warp yam in two positions. 
The roller, 3, of the carrier first strikes the yam in the lower 
position ; and as it moves along with the carriage, the latter 
moving to the right, the upper part of the roller, 3, in contact 
with the yam moves just as fast to the left, and so does not tend 
to carry the wai-p with it, but merely lifts up the latter to the 
higher position. The rotary motion of the rollers, 3, is trans- 
mitted through the warp to the lower rollers, 4, of the shuttle 
us the threads of the warp are successively passed between the 
rollers 3 and 4, isith a scarcely perceptible rolling but no mb- 
bing motion. 

La the above-described operation, the shuttle being acted 
uix)n and controlled by a direct and continuous connection with 
the motive power, its action is absolutely positive, and is pro- 
duced with very little power, and without any sudden jerk. 
The crank-wrist, y, is so arranged as to gradually overcome the 
inertia of the shuttle at starting from one side or the other of the 
loom, producing an accelerated motion as far as the centre of the 
lay, and afterwards a gradually slower movement — ^gradually 
checking the momentum of the shuttle as it approaches the othor 
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ride. One great advantage derived from this is that the weft 
is not subject to sudden pulls in starting, and another is that 
the shuttle does not rebound, and a tight and even selvedge is 
sure to be produced. Another advantage of the positive 
shuttle-motion is that it enables goods of any width to be 
woven. It is as easy for this motion to carry the shuttle through 
the widest as through the narrowest warp, and so it enables the 
widest goods to be produced at the same cost per square yard 
as the narrowest. 

Construction. — These shuttles are of various sizes. The one 
shown in Figs. 82 and 83 is on a scale of 3 inches to 1 foot 
These figures may therefore be drawn to scale by the student 



B— JUne Operators. 

148. Among linear operators may be placed all cutting 
edges, whether straight or curved. Among the latter are the 
helical edges of hay cutters, where the cutting action is in a 
radial direction, and those of the Boggle's slate trimming 
machine where the cutting of a revolving helical edge takes 
place tangentially to the imaginary cylinder on which the edge 
10 traced. 

O— SURFACE OPERATORS, 
a— Plane Operators. 

EZAHPLB LI. 

Ait Pv/nvp Bv^iket of a Ma/rme Engme, 

Description. — ^Pl. XXVIL, Fig. 1. represents a vertical seotaon 
of the bucket, on a scale of 1^ inches to 1 foot. As the bucket 
descends in the air pimip, the water of condensation below, 
from the well K— A'K', PL VIII., Fig. 1, of the bed plate, 
lifts the rubber valve through the gridiron bottom, and fills the- 
bucket above the valve. Then, as the bucket rises, being open 
above, the water in it and the external air close the valve and 
the water is emptied into the hot well over the pump, by lift* 
ing the fioating isover of the air pump, which is tightly held 
down by the external air during the descending stroke. 
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This pump thnfi removes water, as well as air, from the con 
denser, bnt on the latter account, which is the most important 
one, it is called an air pump. 

Construction. — ^All the principal parts being circular in 
plan, a half plan may be added by the student with sufficient 
accuracy, and the scale may be further reduced to ono-twdfth 
or GOQ-mateeniL 

l>— Developable Operators. 

These, in the form mainly of cylindrical or conical bending 
or shaping rolls, as used by sheet and plate metal workers^ oi 
in rolling mills, do not need detailed illustration* 

o— Warped Operators. 

Thb Sobbw Pbofelleb. 

Prdimmary Remarha. 

143. Here we have probably the most important example of 
operators, in respect to the magnitude, and the scientific, com- 
mercial, and social interest of its applications. 

The adequate treatment of it, alone, would be enough for a 
volume, and must detain us longer than that of any other ex- 
ample, though only the elements of its formation and action, 
treated geometrically, can here be given. 

144. Steam vessels have for a long time been propelled by 
the reaction of water against the radial floats of wheels, one on 
each side, and usually revolving on the same shaft ; placed 
transversely across the vessel. Only a small arc of the cir- 
cumference is submerged at once, and to a small depth. Such 
wheels are called jToeZoKa wKeeU. 

But, of late years, wheels with arms or blades oblique to the 
wheel axis, placed at the stem of the vessel, entirely sub- 
merged, and revolving in a plane perpendicular to the path of 
the vessel, have been increasingly employed. These are Bcrmo 
propeUera. They, and the hulls propelled by them, have been 
already so far perfected in respect to mutual adaptation, that 
the days of paddle wheels have been considered as numbered, 
except for use in waters so shallow that submei^d propellerb 
would be inadmissible* 
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145. The Bcrew propeller acts upon the water in which it is sub- 
merged, so that the reaction of the water shall impel the Teesel 
to which the propeller is attached, in the direction of its keeL 
The vessel is supposed to be free to move under the action of 
any force which is sufficient to overcome the relatively small 
resistance of the water, by friction and inertia, to cleavage by 
the passage of the vessel through it Finally, as the water in 
which the screw acts is confined by the all sarrounding water, 
i1» reaction becomes effective as an impelling force. So much, 
only, at present, for the general idea of a propeller. 

146. The study of the screw propeller is encompassed with 
much needless obscurity, arising irom want of due express 
recognition of the few simple geometrical facts and relations 
which belong to it, or are connected with it 

The treatment of it will therefore next be cleared ; Jlrsty to those 
who have not kept themselves familiar with descriptive geometiy, 
by a brief rehearsal of the great divisions of surface and Unes^ 
and a reference of the propeller surface to its proper geometrical 
position ; and, secondy to theoretical students by a popular de- 
scription of it, and precise definitions of its several parts. 

IntrodMctory geometriGol Prinaiples. 

147. The forming of a line, or a surface, by the movement of 
something simpler, is called its generation. The moving mag- 
nitude is called the generatrix/ any fixed ^^>m^, or line, whidi 
guides this motion is a directrix / and a similarly fixed stirfacej 
is called a director. 

Now, any line, or surface, may be defined in two ways, ^at 
by a deeoription of itj consisting of the enunciation of any one 
or more geometrical properties possessed by it ; or, second, by the 
method of generating it We will here define lines and sur- 
faces in both ways. 

148. Any Une is generated by the motion of a point It 
consists of a series of points having but one direction at any 
one of its points, and but one dimension. Every surface is 
generated by the motion of some line of constant or variable 
form. It has extension in but two directions at any one of its 
points. The different positions of the generatrix are elements 
of the line or surface. If straight UneSy they are called straigM 
or rectilinear elements. If two elements have none between 
then^ they are conseciOitfe. 
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149. All lines are 

Straight, or 

OUBVBD. 

A eiraigkt Ime is one which has but one direction. It ii 
generated by a point which moves without change of direction 
towards a fixed point, the directrix; 

A curve changes its direction continaally, 

150. All ouBVBS are either ' 
; those of two dimensions = j}l(me ourves, or 

" " three " = oiu^ee of dovhle ourvaittre. 

Plcme curves are also called curves of single cfwrvalmre^ and 
may well be called cv/rves of two dimensions. They are such 
that all the points of each lie in the same plane ; as circles, 
ellipses, cycloids, letter S, and figure 8 curves, etc. 

161. C'wrves of dovhle curvatvrey may well be called curves 
of three dimensions; to distinguish them, first, from compound 
curves, like polycentral arch curves ; or reverse curves, like the 
letter S, which are naturally enough said to be of double cur 
vature ; also, second, from dovhle cwrved surfaces^ with which 
they are also confounded from similarity of name. The points 
of a curve of double curvature cannot all lie in the same plane, 
as in case of the handrail to circular stairs, for example. 

T?ie Helia. 

163. The only curve of double curvature, which it oonoema 
us here to mention, is the SeliXf which we will now describe. 

If a point simply revolves about a fixed axis, it will generate 
a circle perpendicular to that axis. If it moves only parallel 
to that axis, it will generate a straight line parallel to the axis. 
Combining both motions, the point, by both revolving and 
ascending — supposing the axis to be vertical — will describe 
some form of helix. Further, if both motions be imiform, the 
curve will be the common helix. 

163. The ascension of the helix, while making one revolution 
about the axis, is \\a pitch. 

The amount of pitch for one revolution, may thus be the 
same for all different radial distances of the generatrix from 
the axis in different helices. But in this case, the less the radius 
the steeper, evidently, will be the pitch, as circular stairs are 
steeper at their central part than at their circumference. The 
pitch may be as great, or as small, as we please to make it, for 
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one revolutioiL If great, it is termed coarse. If small, it is 
called j/Jti^. 

The more general forms of helix may have a variable raMtLSy 
as well as pitch. Such would lie on conical, spherical, or other 
surfaces, while the common helix evidently lies on the surface 
of a cylinder, having the same axis as the helix. 

164. All suBFAOES are either 

BuLED, or 

DOUBLB OUBYBD. 

A ruled swrface is any one on which a strcdgM Jme can bs 
drawn in one or more directions. It is generated by the move- 
ment of a %tra/ighb line. 

A dovhle curved sur/a^, is one on which no straight line can 
be drawn, as a sphere, or an egg. It can, therefore, be generated 
only by some curve. 

165. All ruled surfaces are either ^2an«, or 

single curved. 
Apkme surface is one on which a straight line can be drawn 
in a/ny direction. It is generated 
by a straight line, moving par- 
allel to itself upon another straight 
line; by a straight line moving in 
any manner upon any two parallel or 
intersecting stitdght lines ; or by the 
revolution of a straight line AB, 
about another, AC, perpendicular to 
it 

166. A smgle curved surface^ is 
such that through any point on it, at 
least one straight line can be drawn ; j^ ^ 
as on a cylinder, or cone. It is, there- 
fore, generated by a straight line ; moving so that its points gene* 
raUy^ describe curves. 

157. All single curved surfaces are either 

developable J or 

U)arped. 

A developable surface is one which, like a cylinder, or cone, 

can be rolled out upon a plane, so that at each moment it will 

have a line, or element of contact with the plane. Such a sur- 

face is, therefore, generated by a line whose consecutive positions 
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BTejHxraUd^ as iii a cylinder, or hUersect^ as in a oone. Thai 
is, they a/re in the 8amej>lcme. 

158. A warped ev/rfaoe is one which can have no element 
of contact wi^ a plane, which, therefore, cannot be made to lie 
in a plane except by rending its consecutive elements from their 
proper relative positions. It is, therefore, generated by moving 
a straight line so that its consecutive positions shall not be in 
the same plane. 

159. The plastering under circular stairs ; the working sur- 
faces of either square or triangular screw threads, and of pro- 
peller blades, are warped. So are those of locomotive cow 
catchers, railway buow ploughs, Jonval turbine water wheel 
buckets ; and the surface, very easily illustrated by every one 

for himself, formed by revolving an ob- 
lique line, AB, Fig. 86, about a vertical 
axis, D(2, not in the same plane with AB. 

This surface is called a hyperholoid of 
two united najipes, because, by examina- 
tion, any section of it, as EF, made by a 
plane containing its axis, is found to be a 
hyperbola ; of which Y>d is the conjugate 
axis. Y>d being vertical, all horizontal 
sections of the surface would be circles. 
The least one, ahc^ of these, is called the 
gorge. If its radius hd became zero, the 
hyperboloid would become a cone of two 
equal nappes, of which d would be the common vertex. In 
geometry these two nappes are considered as making but one 
complete cone. 

160. In the cow catcher. Fig. 87, the horizontal bars AC, 
a2| etc., are dementHy the vertical bar AB, over the rail, and the 

oblique bar CD, over the 
centre of the track are dAreo- 
tT'iceSy and AC, etc., being all 
parallel to the ground, tho 
latter is the director; in 
this case. Biplane director. 
This surface is called a hy- 

p&rboKeparaboloidy because all its curved sections are jarabo- 

las or hyperbolas. • 

161. AU the elements of the hyperboloid^ Fig. 86, make the 
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same angle with any plane perpendicular to its asis Hd, 
Hence such a plane is a dia*ector^ this mwple uniform relation 
being of nse in constructing the surface. Hence, also, the sur« 
face has two sets of elements^ as AB, and mn, inclined equally, 
but in opposite directions, to the director. 

Likewise, in Fig. 87, AC and BD could have been taken as 
di/rectriGes^ and AB as the generatrix, moving upon AC and 
BD, and keeping parallel to the vertical plane ABE. None 
but these two warped surfaces have this property of having two 
sets of elements. We have dwelt upon them, on account of 
their simplicity, in order to lead the mind to a conception of 
warped surfaces generally. 

162. Proceeding, now, to the screw surface. If an indefinite 
line, AB, Fig* 88, revolve, harissontaJilyy that is, with no asoenflion^ 




FmSSL 



about the yertical AC, it will generate a horizontal plane. 

If it only move upward, parallel to itself, it will generate a 
yertical plane. 

But if it combine both motions, hoth heing aho vrnform^ it 
will generate ^^ a spiral surface," ^^ a twisted plane," geometri- 
cally termed a right helicoid, or, more specifically, the common 
right helioone. It is called a hdicoid because the path of any 
point, as B, of the generatrix, is a hdix BD (152). It is called a 
right helicoid because all the elements AB, al, etc., areperpen* 
dicular to the axis AC. This is the surface of the under side 
of circular stairs; and the edges of their steps are detached 
elements of a similar surface. It is also the working surface of 
squara threaded screw, and of the common screw propeller. 
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163. The height on AO, attained in one complete revolution 
of AB, is the pitch of the helicoid, or screw. The pitch is the 
Bame for all points of AB, since all ascend equally as stated 
above. But the circular part of the combined motions of each 
point is greater and greater as its radial distance from the axis 
AO increases ; so that the " steepness " of the helicoid is greatest 
at the axis, where it is vertical, and is less and less the further 
we recede from the axis ; just as circular stairs are steepest near 
the central post about which they wind, and flattest at their 
outer circumference, as already explained in describing a helix 
(152). 

164. Merely for completeness, we add, Fig. 89, tliat if we 
substitute for BA (162) a line, as BD or BE, to revolve uni- 
formly around the axis AC, while it also 
moves uniformly upward, it will generate an 
oblique h^icoidy which is the surface of a 
triangular threaded screw thread. Thus if 
FG revolve about AC, the two being parallel, 
it will generate a cyUnder, and the portion 
Bd^, by both revolving and ascending uni- 
formly, will generate the tln-ead wound upon 
that cylinder. The com/mon helicoids, both 
right and oblique, thus have uniform pitch. 

165. Eetuming to Fig. 88, the axis AC, 
and the helix described by any point of AB, 
are the two directrices of the right helicoid, and as all the ele- 
ments are perpendicular to AC, they will all be parallel to a 
plane which is perpendicular to AC. 

Such a plane is, then, the plane d^ector of the helicoid. 
When AC is vertical, this plane will be horizontal. 

If the generatrix ascend faster and faster, while it revolves 
uniformly, the helicoid will have an " expanding pitch.*' Such 
a helicoid is one in a more general sense than one having a imi- 
f orm pitch. 

166. From the foregoing geometrical definitions, we will pro- 
ceed according to (146), with a more practical description of the 
screw propeller, as actually used. 

A screw propeller is essentially the same in Jbrm and action 
as any other screw. See PL XXIII. It differs, ^«^, in having 
a much greater pitch in proportion to its diameter ; second^ in 
being much shorter, so that each of its threads, called trms or 




Fniw 89. 
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tlade»y is but a 8inall part of one complete convolution of a 
thread about the axis, and third^ in having but one helicoidal 
face to itB blades, whereas the threads of a common screw are 
alike on both sides, to enable them to work in solid nuts. 

167. When a screw, working in a stationary nut, acts upon 
any movable object, both advance, and that equally. In screw 
propulsion, water, being a yielding medium, effectually takes 
the place of the nut only to certain extent, by virtue of its 
weight, incompressibilty, and inertia. So that a screw propel- 
ler, revolving in water, actuates a vessel in the same marnier^ 
though not to the same extent, as a common screw, working in 
a fixed nut, moves an object placed before it 



Slip. 

168. The difference of advance in the two cases (167) is the 
sUj> of the screw, or, more definitely, the hackfioard slip, and 
may be defined as the distance wldch a cylinder of water, 
of the same diameter as the screw, has been pushed backward 
while propelling the vessel forward. This sUp, usually ex- 
pressed as a per cent of the pitch, is then called the coefficient 
of slip. 

Thus, suppose a screw vessel to pass over a measured mile, 
with 200 revolutions of a screw of SO ft pitch. The advance 
of such a screw in a solid nut being 30 ft. for each revolution, 
would be 6,000 ft in 200 revolutions. But 176 x 30=5,280=1 
mile. Hence, in the 200 revolutions, there has been a slip of 
24 revolutions=720 ft That is, the co-efficient of Blip=.^yy>j 
=12 per cent of the advance due to the pitch. 

169. That radial edge of a blade which first enters the water 
is the forwwrd or leadmg edge. That which last enters is the 
ij^f^yfolhwmgy or trailing edge. 

The central support of the blades is the h/ub or ho89. 



Lateral Slip. 

170. In the case of a screw, working in a fixed nut, there la 
Qit only no motion of the nut in the direction of the axis of the 
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screw, but there is no rotation of the nnt. But in the case of a 
screw propeller, the yielding character of the water or fluid 
nut, in which the screw works, occasions not only a backward 
slip, but a lateral one. That is, the friction of the blades 
against the water, and their lateral pressure also, communicate 
a measure of rotary motion to the colunm of water in which the 
screw acts. 

Thus a centrifogal force is developed which results in a cer- 
tain amount of lateral dispersion, or tendency to it, in the 
cylinder of water acted upon by the screw. 

171. Screws have been made with the blades curved iachoard 
to confine the water, and propel it rearward with undimished 
diameter, equal to tix&t of the screw. But other makers have 
curved the blades forwa/rd to secure other supposed desirable 
results, so that, on the whole, a simple screw is considered by 
others still, as good a form as any for a propeller. 

These modifications will not, therefore, be discussed at pre- 
sent 



172. Let S, Fig. 90, be a screw working in a nut, N. Let 
this nut be capable of sliding backward or forward on the car- 
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Fio. 90. 

riage, C, and let 0, likewise, be arranged to slide on the fixed 
bed, D. Now — 

iyst^ let all parts be stationary except the screw, which sup- 
pose to have a pitch of 10 ft One revolution of it will then 
advance its point, F, 10 ft This corresponds to the case of a 
screw veB^d movmg m smooth water a/nd with no «2^, under 
the action of the screw alone, a case probably never fully real- 
ized. 
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Seoondf while S, in making one revolution, advancee 10 ft, 
let N move backward 2 ft 

The point, P, will then t, +M 

have advanced in spacer 
Fig. 91, but (+10)-2 ft. 
=8 ft This correspondfl 
to the UBual case, where 
the retreat of the nut represents the distance which the water is 
pressed or displaced backward, in a horizontal cylindrical col- 
umn of a diameter about equal to that of the screw ; while the 
latter makes one revolution. This 2 ft then represents the slip ; 
in this case 20 per cent 

Third, the last conditions being still retained, let the car* 
riage C move forward 3 
ft Then the point P 
will advance in space 10 
ft., due to one revolution 
of the screw, minus 2 ft 
due to the retreat of the 
nut, plus 3 ft.. Fig. 92, 
due to the simultaneous 
advance of the carriage containing the nut = 10 — 2 + 3 = 11 ft 

173. This corresponds to the phenomenon, actually observed, 
of an advance of the vessel, in one revolution of the screw, 
greater than the pitch of the screw, i. «., greater than the ad- 
vance of the screw would be, through a solid nut, in one revo- 
lution. 

This excess is called nogati/oe %lvp. And, as in the above 
model, it would require tiie same force to turn the screw, 
whether the carriage moved or not, so a vessel revealing nega- 
tive slip is not really dragging her screw, but is propelled by it 
Negative slip may arise from a vessel's moving in a current which 
itself moves forward faster than the screw presses the water 
backward. The carriage, therefore, in the first two cases repre- 
sents still water, and in the third case either a current, as just 
described, or a local current created by the friction of the ves- 
sel and carried along with it, or by the rush of water from the 
rearward into the partial vacuum at the stem, when the latter 
is quite blunt, as some think, or a favoring wind capable of propel* 
ling the vessel faster than the screw repels the water, or, finally, 
any cause which advances the ship more than the slip retards it 



Digitized by V3OOQ IC 



990 BLEBOEKTS OF 

In the case supposed of the blunt stem, the screw, instead ol 
literally pushing a column of water rearward, is itself pus] ed 
along by water rushing against it in the dii*ection of the vessel's 
motion. Lateral slip also tends to the production of a partial 
vacuum behind the screw, which would further invite this 
inflow in the line of the axis. 

174. The slip, i. e.^ common, or backward, varies up to 45 
per cent., according to the model of the vessel ; the ratio of its 
immersed section to the area of the circle described by the 
outermost point of the screw blade ; the pitch and length of the 
screw, etc. Hence quite a strong favoring wind, acting on 
sails, or a current, may not always overcome the slip but may 
only reduce it 

Thus, if a screw of 10 feet pitch, while revolving once, ad- 
vance a vessel but 6 feet in the same time, the slip is 40 per 
cent. But if a breeze or current would advance the ship 2i 
feet in the same time the total advance would be 8^ feet, and 
the apparent slip li feet, or only 15 per cent, of the pitch. 

We thus see tiie importance of these extraneous conditions of 
wind and current being the same during the progress of experi- 
ments on different vessels and screws. 

It is stated to be true, within usual limits, that as the pitch of 
a series of screws is increased in geometrial progression, their 
slip will increase in arithmetical progression, for all lengths of 
screw, other things being the same. 

But, interesting as the subject is, we must stop somewhere, 
and therefore refer to the extended work of Bourne on the 
screw propeller, for further details based on the numberless 
tabulated experimental results given by him. 



Irregvla/r Screws. 

175. These are screws, the acting surfaces of whose blades are 
other than conmion right helicoids. They are of two general 
classes, firsts those of esy^a/ndmg pitch, and second^ those of 
wmahle pitch. 

Screws of merely expamding pitch have fixed blades, as in 
the plain or common screw. Those of va/ricMe pitch have 
movable, that is, adjustable blades, whose pitch may be imif onn 
or expanding. 
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176. Expanding pitch is either wnvple or compound. Simple 
eoopcmding pUoh^ again, is of two kinds. Firsts if it increase in 
a direction parallel to the axis, as in case of a cylindrical stair- 
case, becoming steeper as it ascends, it is an aanaUy es»pandmg 
pitch. Such pitch increases from the entering to the trailing 
edge of the blade (169), that is, it is greatest at the latter line. 
Seoondy to illustrate by the circular stairs again, suppose the 
edges of the steps to be curved upward or downward, the 
height of each step would be greater or less, respectively, the 
fnrdier it was from the axis; but let all the steps be of 
equal height, measured at the same distance from the axis, 
the screw, of similar form, would have a uniform pitch at any 
one distance from the axis, but the pitch at different distances 
from the axis would be different. This is radiaUy eapcmding 
pitch. The generatrix might also be a straight line, with radially 
expanding pitch, moving upward, for example, so that any point 
of it out of the axis would have a greater pitch than at the axis. 

177. Compound esopanding pitch is a combination of both 
axial and radial expanding pitch in the same screw. This is 
illustrated by the stairs, by conceiving the heights of the steps at 
the axis to increase (or diminish), while the heights at the cir- 
cumference should increase (or diminish) faster than at the axis. 
Then the helix, at any given distance from the axis, would be 
steeper and steeper (or the reverse) as it ascended, and the 
helix at the circumference would have the greatest (or least) 
pitch, though the greatest circular path swept over by it might 
make it less steep in both cases than at points nearer the axis. 

We will now illustrate in a simple manner the several suc- 
cessive elements of the formation of such forms of helicoidal 
surface as are employed in the designing of screw propellers, 
and shall then proceed to the representation of these organs in 
their piBctical working forms. 



Fbobleh XL 

To Construct a Helm of Uniform Pitch and Radius. 

Let the axis of the helix be yerticaL Then 0-0^0", PL 
XXY\.y Fig. 1| will represent such an axis ; and the circle with 
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radius Oa^ will be, at 3nce, the horizontal projection of the 
helix and of the vertical cylinder with axis O — O'O", npon 
which it lies. 

The construction is based immediately npon the definition 
(152). Thus, the division of the circle, adgk^ into equal 
parts, indicates the uniform rotary movement of the generating 
point, a — a\ around the axis ; and the division of O'C into 
equal parts indicates the uniformity of the axial motion. 

In Uie figure, O'O'^ is taken as the pitch of the helix, by 
dividing it into the same rmmber of equal parts as are found on 
the circle adgk. 

Observe that the equal parts here spoken of, are made so for 
convenience. All that is necessary is that the parts on O'C 
should he proportional to the homologous ones on adffk. Also 
O'O", the pitch, is of any length, taken at pleasure. 

This being understood, let the helix leave the horizontal 
plane at a, in a forward and upward direction. Then a will be 
projected at a\ on the ground line ; 6, at b\ in the horizontal 
plane, B$', etc. ; as is obvious on inspection of the figure. 

The foremost point, dd'^ of the helix appears in vertical pro- 
jection on the vertical projection of the axis ; and so does the 
hindmost one, JJ\ 

By joining tie points a'6V ^ .,..a'\ as shown, we get the 

vertical projection of the helix, whose horizontal projection is 
the circle of radius Oa. 

Hemwrka. — a — ^The figure is very fully lettered, to assist in 
apprehending the real position of the several points of the helix. 

b — Had the genemtrix, oa', proceeded backwa/rd and upward, 
bb' would have appeared at W. 

178. — ^The d/roAJoing of any irregular sm-f ace, as a ship's sides, 
is often called " laying down its lines." 

Every surface is composed wholly of lines of some kind. The 
lines, distinctively, of a given surface, are those which are most 
clearly characteristic of it, that is, those which most readily 
enable the mind to conceive of it from a diagram. 

A screw propeller is mainly bounded by a cylinder, having 
the same axis as the propeller, and by two parallel planes pe]>- 
pendicular to that axis. We will tlierefore, as a preliminary 
construction, give the projections of a common right helicoid ; 
first, as represented by its stradgkt elements ; second, by its 
itf2^a2 lines. 
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UTote.-^ All the figures of helices and helicoids, on PI. XXVI., 
ahonld be drawn by the student at least twice as large as there 
ahown, and with a full descriptive title for each. ♦ 



Fboblem xn. 

To construct the prelections of so much of a common righi 
hsliooidy as is generated by the radius of a vertical cylinder. 

Let O— O'O'^ PL XXVI., Fig. 1, be the axis, and the circle 
of radius Oa, the plan of the given cylinder. 

The circle Oa, and the axis, are each equally divided, and the 
helical directrix (147) acfk — a'df'lda'\ is constructed as in the 
last problem. Then by the definition of the right helicoid, the 

horizontal lines aO—iJ^'O'; 60— J'B'— oO-^'C 

aO — a"0" represent the heliooidal surface by its straight 
^^ Unes^^ or elements, and for one complete convolution about 
the axis O— O'O.'' 

Reima/rk. — ^To show the helical band which would be in 
eluded between two concentric cylinders, draw any circle with 
centre O, and project its intersections with the radii Oa, eta, 
produced if desired, upon the indefinite horizontal lines O V| 
B'J', Ce/, etc., as before. See also Prob. XL 



Fboblem XTTT, 

To construct ^projections of a common right hdicoid, which 
is generated hy the diameter of a vertical cylinder. 

Let O— O'O", PI. XXVI., Fig. 2, be the axis, and Xa^A'a', 
the initial position of the diameter of the given cylinder ; and let 
O'O" be the pitch of the helicoid. Divide the circle of radius 
Oa, and the pitch O'O'', each equally, as in the last problem. 
Indefinite horizontal lines, Ka — A'a' ; A,a, — A/a/ - - - A,a, 
— ^A/a/, etc, through the divisions on O — O'O'', will then be 
indefinite elements of the required, helicoid, and they will be 
limited as required, by considering the line Ao — ^A V as the 
generatrix, and as revolving in this case, so that as AA' moves 
upward and forward, aa* moves upward and backward. Henoe 
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AA' describes the heUx AA,AAAu— A'A/WA./ md 

aa' describes the opposite helix aa^a^a^^ — a'a^'a^'aj. 

Rema/rk. — ^Returning to Fig. 1 : Any radius will generate a 
heKcoid, thus if Oa— OV; Od—0'\ Og—O'K' and Q;— O', 
four separate radii of the haae of the given vertical cylinder 
be taken as generatrices, their simultaneous helical ascension 
will generate four helicoids, all like the single one shown in 
the figure. 

Fbobleic AlV. 

Having gwen either prcffecUon of any element of a heliooid^ to 
jmd its other projection. 

Let mO and nO, PL XXVI., Fig. 1, be any intermediate 
elements, taken at pleasure, on a common right helicoid. 

There are two ways of finding their vertical projections. 

Fh'st. Project the points m and /i, upon the vertical projec- 
tion of the helix containing them, as at mf and n\ and the hori- 
zontal lines m/o' and n't;' will be the required vertical projec- 
tions. Comjereely, in the same manner, having m'a' given, 
project down m/ at m, in the horizonal projection of the helix, 
and mO will be the required horizontal projection of m't?.' 

Second. From the definition of the helicoid, make 0'(? a 
fourth proportional to the circumference adga ; the arc am, and 
the pitch O'O," and o'm! will then be tlie vertical projection of 

Pboblebc XT. 
To represent a common right helicoid hy its helical ^' Unes.^ 

Let the concentric circles of radii Oa, Oa, Oa„ PL 

XXVI., Fig. 8, be the horizontal projections of a series of con- 
centric helices, all on the same helicoidal surface, whose gene- 
ratrix is Oa — O'a'. As the required surface is a right helicoid, 
all these points of the different helices, which are on the same 
radius, are at the same height above the hoiizontal plane, the 
axis O — O'O" being vertical, as before. 

Hence, having taken any distance, O'O", for the pitch, and 
having divided it, and the circles of the plan, each, into the same 
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number of equal parts, project all the points of Oa into (Yaff 
those of OS into B'6', etc., and join the joints as a'Vc'f'h! and 
<^x^'f\K\ 6^C'> <>f the separate helices as shown. This will give 
the vertical projections of the helices, whose horizontal projec- 
tions are the concentric circles with their centre at O. T3ie two 
projections of these helices, then represent to the eye the heli- 
coidal surface. 

Here observe, carefully, that the steepness of any given helix 
is not to be confounded with its pitch. All the helices just de- 
scribed have the same^pi^, 0^0'^, but their steepness decreases 
from the axis, where it is greatest, being vertical, to the helix 
whose radius is infinite, where it would be least, being, sensibly, 
= 0, for the height O'C is as nothing compared with a cir- 
cumference of infinite radius (163). 



Pbobleic XYL 

To construct the ^^ Imes^^ of a heHcotd^ made ly its intersectiah 
with (my pUme pa/raXLel to its oasis. 

Let PQ, PL XXVL, Figs. 1 and 2, be the horizontal traces 
of vertical planes cutting the helicoids. Since these planes a*e 
vertical, their horizontal traces, FQ, are also the horizontal pro- 
jections of all points and lines in them. Hence d^^'g[st is at 
once the horizontal projection of the required intersection in 
Fig. 1 ; and TmrQ^ in Fig. 2. In both figures, project up tfaiB 
points rf"'jP,2^, etc.; m,n, etc. , upon the vertical projections of 
the elements Oc?, O^, etc., and OA,, OA^, etc., upon which they 
are found. 

We thus find on Fig. 1, dy ... ^, and on Fig. 2, m'n'p'q'j 
for the vertical projections of the required intersections. 

The elements Om — o^m' and On — t>V, Fig. 1 (See Prob. 
XIV.), are parallel to the plane PQ, and hence never intersect 
it Likewise, the more nearly parallel an element, as Oo — C V, 
is to PQ, the further from the axis will it intersect PQ. That 
is, those points of the curve d's'fj which are in the elements 
om' and v'n/ are infinitely distant from the axis. In other 
words, this curve will be tangent to those elements at an infinite 
distance ; hence the latter are said to be asymtotes to the curve 

15 
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* It is now evident that sach lines as the one just described are 
quite inferior to the radial and helical ones in clearly represent- 
ing the form of the helicoidal surface. 

Also that if we trace any kind of line on either projection 
of the helicoid, its other projection would be found by noting 
its intersections with the elements, or helices, in the projection 
on which the line is traced, and by projecting these points into 
the other projections of the same elements or helices, and join- 
iTig them. 

Problem XYII. 

Havinff given either projection of amy point vfpon a heliooid^ to 
jind its other projection. 

We will describe the general, and two particular methods of 
solving this problem. 

The General Method. — Construct any line upon the helicoidal 
surface and passing through the supposed point. The required 
projection of this point will be on the like projection of this aux- 
iliary line. Thus, in PI. XXVI., Fig. 1, if the horizontal pro- 
jection of the point were given anywhere on PQ, its vertical 
projection would be found by projecting it upward upon d'p'^lf. 

Particular methods.— First— Le^t m, PI. XXVI., Fig. 2, be 
the given projection. Then, by Prob. XIV., construct the pro- 
jections, Om — o'm'y of an dement through it, and m! will be 
on o'ln'. Likewise m\ if given, would be projected upon Om, 
to find m. 

Second. — ^Construct the hdix containing the supposed point, 
and the required projection of the point will be on the like pro- 
jection of the helix. Thus, having given ^, PI. XXVI., Fig. 3, 
construct the helix, d^f — d'f\ through it, and if will be pro- 
jected from k upon d'f\. 

Peoblkm XVnL 
To devdope one or more given hdicee. 

When, as in PL XXVL, Fig. 4, we have among straight lines 

the relation 

AM:ME:: AH:HK 
the line AE, containing the extremities of the parallels, ME^ 
HE, etc., 19 straight 
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Now with this the helix agrees, for the distances oJ, ac^ etc., 
from a, Fig. 3, on the base of the cylinder on which the helix 
lies, being proportional to the heights of the corresponding points 
h\ c\ etc., of the helix above that base, it follows, that when the 
convex surface of the cylinder is unrolled, and made flat, the 
base will become a straight line as AG, Fig. 4, the successive 
heights will be parallel as at ME and HK, and the development 
of the helix will be straight, as at AF. 

Hence, to develope a half convolution adf'--a'd!f' of the 
helix, make AG equal to the semi-circle adf^ and GF=Ay*', 
and AF will be the required development. 

Again : as the common helix has, by its definition, a uniform 
angle of inclination to the horizontal plane, the parts ab^ bcy etc., 
being equal in horizontal projection, are equal in space also. 
Hence the same parts are equal in development. That is AB, 
BO, CD, etc.. Fig. 4, are the equal developments of the equal 
parts ab — a^b\ bo — Vo\ etc., of the helix. 

Making OA,=NF,=the quadrant a,e?„ and drawing A,F,. 
this line is the development of a^d^f^ — cb^d'fx' 

In a precisely similar manner, all the helices of Fig. 3 are de- 
veloped at A,F„ etc., in Fig. 4, and all intersect at D. 

Instead of laying off a quadrant each side of O, Fig. 4, a semi- 
circumference for each helix might have been laid off from A, 
making HuU the common point for all the developments. 

Problem XIX. 

From the ovrculcur jyrqjection, amd development of a Jielixy to 
construct its spiral projection. 

Let adf^y PL XXYI., Fig. 3, be the given circular projec- 
tion, and AF, Fig. 4, be the given development of a half convo- 
lution of the same helix. 

Divide adf and AF, each into the same number of equal 
parts. Then, by the properties of the helix already explained, 
it is clear that any point, as c\ of the vertical projection, is at 
the intersection of a perpendicular to the ground line A<z^, from 
^ with a parallel to tiie ground line from 0. 

Helices are often constructed in this way, especially if tlie 
angle of inclination FAG be given. See also PL XXXL, 
Kg. 8. 
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Pbobleu XX. 

To oonstruct a helicoid of axial expandmg pUchy hy means oj 
its heUccbl lines. 

First Illustration.— Let O— O'C, PI. XXVL, Fig. 5, be the 
axis of Buch a helicoid, and let OA — O'A' be the initial position 
of its generatrix, and let the successive ascents of this line, cor- 
responding to the equal angular motions AB, BC, etc., be in 
arithmetical progression. Thus, on a small figure like this, let 
Mm=4-50ths of an inch; f?M>=6-60ths ; ^=6-50ths, etc., 
and draw horizontal lines through these points. Then project 
up A at A' ; B at B', on the line through m ; at C, on the 
line through o, etc., until KK', on the line through M', is 
reached. The concentnc helix, beginning at LL', is projected 
upon the same lines. Thus we find two helices of the same 
axial expanding pitch, the successive ascents of whose generatrix 
have equal differences. The helical band AX' — K'L'' is thus 
one of axial expanding pitch, which obviously becomes steeper 
as it ascends. 

Second lUvstration. — ^Let the generatrix, Oa — O V, in the 
same figure, 5, ascend so that its successive rises, Nn, rik^ hp^ 
etc., shall be in geometrical progression. In the figure, N7i= 
4-60ths of an inch, and the ratio was five-fowrihs. Hence the 
spaces, from N upward, have a constant ratio instead of a con< 
stant difference^ as on MM^ Drawing horizontal lines through 
the points n, ^, etc., project a at a\ h at V on the horizontal line 
through n\ c at (?' on M, etc. D' and d' sensibly coincide, be- 
cause, in using so small distances on MM' and NN', the differ* 
ence between the two progressions does not so soon appear, 
though above D, it soon becomes apparent, and the new helicoid 
ad-^-si — a'gf-s'i is steeper at i', the eighth point from N, than 
the former one was at K', the tenth point above M. 

Pbobleic XXL 

To develops the four helices last drawn. 

For the first, or arithmetical helicoid, let the vertical element 
at d of the cylinder on which lies the helix, PL XXVL, Fig. 5, 
be placed in the paper at d'd'\ Fig. 6. Then make (2'a=^'A= 
^ho arc da^ or (2A, Fig. 5, and let it be similarly divided on both 
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figures. d'o=dc in Fig. 5, A/^= A^ etc. Then make v^rtieai 
lines at those points, and project /, Fig. 5, on A^, at g, Fig. 6 ; 
f\ Fig. 5, on jf , Fig. 6, and so on, and the curve, offy will be the 
development of the expanding helix ag — a'/. 

In like manner are found qdi, the development of gt — g^D'^' / 
AG, the development of AG — A'G', and li, the development of 
U — L'V in Fig. 5. The two latter helices, being on the back 
half of the cylinder, d^d^' represents, for them, the vertical ele- 
ment at D, each way from which the cylinder is developed into 
the paper. 

PsoBLEM XXn. 

To make the prcjjections of a helicoid of radiaUy esopanding 

jpitch. 

PL XXVL, Fig. 7, where, for convenience, the plan is over 
the elevation. Here the pitch is proportional to the distance 
from the axis, O — O'C and the initial position of the genera- 
trix is OA — O'A', which after a helical semi-revolution, comes 
to the position 00— B'C, (176) where B', on OB', happens to co- 
incide with B^ as the vertical projection of B, a point in front 
of the axis, on the outermost helix. 

Then O'J is the pitch of the outer helix, from AA', in a half 
revolution ; G'K, that of the helix from ££' ; c'L, that of the 
helix from aa' ; g^ilL that of the helix from ee\ and O'B' that 
of the axis, considered as the inmost helix ; all, in a half revo- 
Itition. Then construct each of these helices, by dividing the 
half pitch of each into as many equal parts as are in the horizon- 
tal projection of its half revolution. Thus, O'J and ABO, are, 
in tiie figure, each divided into six equal parts. 

Observe that, as shown by this example, the several helices do 
not cross the axis, in vertical projection, at the same point, as 
they do in all right helicoids. Figs. 1, 2 and 3, whether the 
pitch be uniform or expanding axially. 

Variations from this figure, which the student should now 
make for himself, on a laige scale, are, to make the generatrix 
B'O', a constoM curve^ as AB or AO, Fig. 8, all points of which 
shall have the ecmie tmiformj>itch. Also to make the pitch at 
each point of B'O' greater or less than proportional to its dis- 
tance from the axis. The series of distances as Jip^i?^, etc., 
upward from 0\ M^ L, E, and J, will then each be in arithme- 
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tical or geomefcrical pi*ogre8aion, as at MM^ or at NK', in Fig 
6, but with a larger or smaller common difference, or common 
ratio, the farther each is from the axis. 

In Fig. 7, the different pitches O'B', M/, Lc', etc., are in 
aritlunetical projection, they having equal differences. 

To obtain pitches in geometrical projection let OA and OB 
PL XXVL, Fig. 9, be two given lines. Then 00 is a third 
proportional to OA and OB, and by a similar construction, 
joining AC and drawing a parallel BD, we find OD, a fonrth 
proportional to OA, OB, and 00. Likewise we can find a 
fourth proportional to OB, 00, and OD, and so on, forming a 
geometrical progression. The curve, AD, Fig. 10, joining the 
outer points of these lines, when they are placed as equidistant 
radii, will be a logarithmic spiral ; all equidistant radii of 
which are terms in a geometrical progression. We can then 
substitute such radii for JC, KG', etc., in Fig. 7. 

If AB, Fig. 8, revolve uniformly around CB as an axis, and 
80 that all its points move with the same uniform velocity. 
jHzraUd to CB, it will generate a screw of uniform pitchy with 
a curved generatrix. 

If all points of AB move equaJZy faster and faster in the 
d/i/rection of ike axie^ while still revolving uniformly, AB 
will generate a screw with axiaUy eapamding piteh, but uni- 
form radial pitch. If, again, all points of AB have an accele- 
rated motion, but if the velocity of each point increases faster, 
the further it is from the axis, the screw has then a radially 
eoopamdrng pitch, and AB will be of variable form^ becoming 
more curved as it proceeds. 

In all these cases, tlie several concentric helices will cross the 
axis CB (in projection) at different points, as in Fig. 7 ; in the 
first two cases, merely because the generatrix is curved ; in the 
last, for the additional reason that the pitch expands radiaUy. 

Tlie student will learn more, essentially, about various pro- 
pellers, by carefully constructing the last three cases, than by 
drawing the propellers themselves, without such separate drill 
on tlieir essential differences. 

Probleic XXTTL 
To devdope the helices sh/ywn in the last problem. 
In PI. XXVI., Kg. 11, A' J = ABO in the plan, Fig. 7, and 
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JO == JCy in the elevation of the latter figure. Hence CA' is 
the development of the half turn ABO — A'B'O', of the outer 
helix. Likewise, KE = semicircle EFG, and GK = G'K from 
the elevation. Then GE is the development of the helical arG 
EFG — ^E'G'. From this description the rest of the develop- 
ment can be drawn. 

179. The preceding general problems furnish all the means 
necessary for showing how to construct the projections of the 
acting faces of the blades of screw propellers, these faces 
always being portions of helicoids of some kind. The term 
pitchy is applied t j the propeller in the acmhe sense, and with 
the same variations, as to the helicoids already explained. 

The hacks of the blades are the surfaces which result from 
giving such thicknesses to the blade at different distances from 
its axis, as are found to be necessary. 

Pboblbm XXIV. 

To construct ihej^ojections of the acting faces of afov/r^laded 
commwn screw propdler. 

The axis of a propeller in its working position being hori- 
zontal, the screw would naturally be shown in two elevations. 
Therefore let the plan in PI. XXVI. ; Fig. 3, serve as one of 
two elevations for Fig. 12, and let the full circle, with radius 
Om, be the hub of the screw. Also let DBG, MO J, cOe, and 
KOE, be the four blades, as seen in end elevation. Oonstruct, 
by Problem XV., the indefinite helices, beginning at Cy c' ; K,K' ; 
D, D' and M, M' ; whose pitch=D'D''". These are respect- 

ively, in side elevation c'(iVK"F' ; K'E'B' V' / DyB'S" 

^"0)"" ; and M'JW' V. Make D'B', the length of the wheel, 
so that B, B' and D, D' shall be equidistant from vertical 
planes at dg and d'g^. Then, having projected, as in other 
cases, the concentric helices, as nmr, of intersection with the 
hub, we have rnnrfigJi — n'mln", D'j^'B', for the helicoidal 
£ace of one blade, os!£b — o'sWV for tiiat of another, etc. 

If this screw revolve in the direction of the arrows, the re- 
action of the water, supposed to be at the right of it, would 
propel the vessel, whose hull would be at the left of it, in tho 
direction of arrow N. 
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WV is identical in form with M'J', but is an arc of the 
same helix with DyB'. Hence the right-hand wheel, Wdf'y 
correctly represents tie left-hand one, T>^d\ after the latter has 
made just a quarter revolution. 

Example LIL 

To represent vcmoualy limited propdler bladeSy with ih^ 
concentrio and radial sections. 

PL XXVII. ; Figs. 2-7. Fig. 2 is a common end elevation 
of the three screws Figs. 3, 4, and 5 ; in all of which the pitch 
is the same, for convenience of comparison. 

1°. — ^Figs. 2 and 3 are two elevations of a common screw, 
where ABOD— A'BT-'C'D' is identical in character with/F'G' 
H'Ay, PI. XXIII. ; Fig. 1, half of whose horizontal projec- 
tion is fFGg. Only that in the latter figure, the difference, 
ffQj between the radii of the inner and outer cylinders of the 
screw, is much less than rE — r'E', PI. XXVII., the difference 
of the radii of the hub, and the cylinder of radius 00, con- 
taining the outer helical edge, BEG— B'E'C, of a blade. 

NP — WP\ etc., are concentric helices of the blade AC — 
A'C, which is seen flatwise in both projections. Likewise KL 
— K'L', FG— F'G', etc., are concentric helices of the blade FH 
— ^F'J'H'G', seen edgewise in Fig. 3. We see from this that it 
is not a very material en*or to make J'H', K'L', etc., straight; 
but it is quite wrong to make them in the same direction as 
their developments, rq\ K,L„ etc., Fig. 6, by the difiPerence q'h!\ 
Fig. 3 (for J'HO between J'A'', the projection of J'H' on the 
horizontal O'B', and J'q=rg Fig. 6. The error of representing 
NP — ^N'P', etc., as straight in the edge view. Fig. 3, of the wheel, 
is now apparent. Such lines may be ^lsed only as containing 
the points, N", N' and P, P' on the edges of the blade, and then 
no practical error will result. But to view them as represent- 
ing the helices, as N^P-=-N"7T is entirely wrong. 

Another error consists in speaking of a certain artificial 
figure, next described, as the "development" of a blade, 
though no warped surface (158) can be developed. Such a 
figure is made by extending the chord KL, for example, till 
equal to K'L' (K,L,), and drawing a curve through its new ex- 
tremities andR. The conventional figure, formed by connecting 
the like extremities of the different chords, and which is bn^adet 
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than the projection, FH, of the blade, is sometimes called ite 
<< development ;" and the curves having the extended chords are 
called the developments of the helices KEL — IL'TJ. Yet this 
figure represents nothing real, and is of no particular use. 

2®. Assimied form of the side view of a blade. — ^Propeller 
blades may be limited otherwise than by parallel planes, as TS/G' 
and h'^B^ Fig. 3. And, as the form and size of the projection, 
A'B'O'D', shows, the assumed form of the blade outline is made 
on that figure, and thence constructed by projection, on Fig. 2. 

Fig. 4 shows a blade rounded at the outer comers and partly 
straight as at/'/, and limited on the side by the line d'a\ The 
end elevation shown in a light line on Fig. 2, may be found 
by projecting points as c', on given radii, over to the other pro- 
jection of the same radius as at c. Otherwise, by projecting 
points, as d' or A', on any given helix, as d'i'ff' or k'fl\ respect- 
ively, upon the other projection of that helix, as on dig^ at tf, 
or k;l at A. The points, jf' and gg^ are taken on radii and pro- 
jected upony^J and gn. 

To construct the blade, G"H' V, Fig. 4, we have only to con- 
struct its helices in the same way as in Fig. 3, and then to pro- 
ject points as e^d' or «' on any helix of the blade BB'TDD" upon 
the corresponding helix of the given blade. Thus e' on the outer 
helix X^JTy is projected at s'\ on the similar helix mm'' — m'm"\ 

8®. PropeUere with blades " bent backP — This rather obscure 
phrase, may mean that a blade, as GFC'', PI. XXVIL ; Fig. 
6, is truncated by two cylinders, concentric or not, and perpen 
cUcular to the paper, whatever be the nature of llie pitch, and 
the form of the generatrix. But it should, and probably does, 
mean that the generatrix is curved back as at Or£ — HE'^'i 
Figs. 2 and 5. 

In this case, FG and G'^W are simply positions correspond- 
ing with A'B' and CD' in Fig. 8, of the curved generatrix 
E^'H. Hence FG and G'"D'" are not circular arcs, but curves, 
whose ordinates from LK could be determined by scale, at 
arious points on a careful construction of lai^ size. 

4**. To construct the concentric sections. — lliese are made by 
concentric cylinders, whose common axis is perpendicular to the 
paper at 0« Make K,«, Fig. 6, equal to the arc, KRL, for ex- 
ample. Fig. 2, and «L, equal to O'O", Fig. 8, the pitch of a 
blade ; then K,L, will be the development of KL — ^K'L^ Now 
make K^S'^'X, at pleasure, for the section of the back of the 
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blade, in the %me cylindrical surface with the helix, KL — TSJL' 
The lines K,«, c?'U", etc., are the same as the traces A'^B', \]w\ 
etc., in Fig. 3. In the latter, make the lines through S' and X' 
at the same distance below K' and L' as those through S'' and 
X'' are below K, and L,, Fig. 6. Then project the pouits S", 
etc., of the back of the blade upon any line, AB, Fig. 6, par- 
allel to B^«, and transfer them to the are KL in Fig. 2, giving 
the points there mimiheTed. Finally, project the latter points ; 
0, upon the line A' B' at K' ; 1, upon Q'S' at S' ; 2, upon B'A' 
again, at T'S', see Fig. 6, because T'' and K, happen to be on 
the same line, parallel to AB ; etc., and we have K'S'4X'L' for 
the vertical projection of the section of a blade, made by a 
cylinder whose radius is OK, and whose axis is perpendicular to 
the paper at O. In Fig. 6, Y"" and W^' are the developments 
of sections similar to the one just described, at the hub, and at 
the outer edge. Their projections can be made in the way just 
described. F'", K,L„ and H"', Fig. 7, are the three sections, 
laid parallel to each other for convenient comparison. 

K^LjBj shows the section on KL ; first, developed into the 
plane KjL^ ; second, revolved about 01 tiU its edge^ KL, comes 
into the paper ; third, revolved about K, L^ till its whole sur- 
face is in the paper. 

It is here to be noted, that as the screw surface is warped, 
neither these nor any other cylindrical, nor any plane or conical 
sections could show a series ot perpendiouia/r thicknesses of the 
blade. For the diflFerent tangent planes at points on any one 
helix would not be parallel to any one line, as in case of a 
cylinder, where all tie tangent planes are parallel to the axis. 
Hence, the perpendicular thicknesses, which would be perpen- 
dicular to the several tangent planes, at the point of contact of 
each, would not lie in the same plane ; or, conversely, a section 
on any helix, KL, or radius 01, and composed of perpendicular 
(normal) thicknesses at all points of either, would itself be 
warped, and therefore undevelopable. 

5*^. To construct roMal sections of a hlade, — ^Lay off on the 
tangents, as at n, p, g^ etc., the vertical thicknesses at those 
points, viz., p'p\ Fig. 6, at ^, Fig. 2 ; Wn\ at mi, etc., and the 
shaded figure, rmpg^ wiU be the radial section on ng^ revolved 
into the paper. 

For the section on r£, we should have taken the thicknesses 
from Fig. 6, on the centre line, 00''0"'. These sections ai« 
in planes oontainmg the axis. 
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To have made Bections, as is often done, jmy>endi(yular to the 
flKm, we should have taken K,T", o'U", etc., for the thicknesses. 
In a case like Fig. 5, these sections are taken on chords^ as those 
of 0'''D''>rFG,orE'"BL 

The figures just described and indicated, should be con- 
structed in full on a much larger scale. Lot the radius OE, 
Fig. 2, for example, be ten/eetj and let that and the figure 3, 
also 4, and 5, or similar ones, be made on a scale of halfsjx inch 
to one foot. 

Ideas Mopreaaed m Modified Forms of Screws. 

180. Every modification of the screw propeller, from the form 
of a common right helicoid, or ^^tnie screw," except some 
merely fanciful or arbitrary ones, has been the result of a cer- 
tain determining idea, suggested or confirmed by experiment or 
reflection. 

181. The Idea of Axial Expa/nding Pitch. — ^In this case, it 
being known that a screw, beginning to work in smoolih water, 
soon acts to move rearward a column of water, the idea is that, 
as the entering element of the blade moves the water as 
described, the next element should, so to speak, chase it up, so as 
to press upon the moving water as heavily and effectually 
as die first element This second element would give an incre- 
ment of velocity to the already moving water, and so the third 
element, by a continued expansion of the pitch, would move 
backward faster yet, so as to catch up with the water, just as 
men, to push a rail-car with a uniform pressure as its speed in- 
creases, must walk faster and faster. 

182. The idea ofradiaUy expa/nding pitchy and of all screwc 
which, by having a curved generatrix, appear bent back, that is, 
from the vessel, in a side view of the latter, is, to cotmteract 
the centrifugal action of the water, and confine it to a cylindri- 
cal column, having the disc (end elevation) of the screw for its 
base. 

Among the most curious screws of this kind, is Hohrle con- 
choidcd screw J having a rapidly expanding axial pitch, so that at 
the trailing edge the blade is tangent to a plane containing the 
axis of the screw, and therefore has, at that point, an infinite 
pitch. Also, at the outer circumference the edge of the blade 
is bent aver fromihe vessel into a narrow (^lindrical fianga 
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whidi finally is rnmded into the trailing edge at the comer, bj 
a spherical or spoon-shaped sarf ace. 

183. Finally, the apposite idea of lending the Hades toward 
the vessel^ and of mounting them on rings, %o 9a to leave the 
central portion of the diso open, is, to favor the rush of water 
from all sides into the partial Tacuum which tends to exist 
behind, or on the after side of the screw. In the Cfrijith screw, 
the blades are widest at about the middle of their length, are 
bent towards the vessel, and are fitted by cylindrical arms into 
similar sockets in a large spherical hub, or '^ hoss.^^ Each can 
be turned on the axis of its cylindrical arm, and thus the pitch 
is variable. 

If a screw is made of a " bent" form, as seen in P1.XXVII., 
Fig. 5, merely by the movement of a straight generatrix, which 
makes a constant angle of less than 90° with the axis, the screw 
surface is simply the common oblique helicoid (164), or that of 
a triangular threaded screw (PI. III., Fig. 10). 

184. While preparing these pages, I am informed by an en- 
gineering friend who has made the experiment, that if saw dust 
be poured upon a screw model, while the latter revolves rapidly 
in a lathe, it will rather be drawn towards the axis of the screw 
than dispersed by the centrifugal force, developed by the rotation. 

The result just stated may be explained as follows: The 
rearward discharge, by the screw, of a cylinder of water creates 
a constant tendency to a vacuum at the position of the screw. 
This tendency, being constant, is as effectual as a sensible 
vacuum, in inducing a constant rush of water from all sides to 
the spot where the screw works. This centripetal rush of water 
is believed to prevail over its centrifugal tendency, so that some, 
instead of bending the blades aftj or from the vessel, to confine 
the water radially, and so prevent its lateral dispersion, and 
discharge it rearward in an undiminished cylinder, have bent 
them forwa/rd as already explained, or towa/rds the vessel, in 
lorder to favor the inward rush of surrounding water at the 
base of the water cylinder acted upon by the screw. The 
GrifiSth screw, as said before, is thus formed. 

Historical Note. 

1S5. SiifBciently patient investigation into the histoiy of 
syery perfected mechanical device would probably show that it 
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had its origin in some bodily movement The screw propeller 
is no exception. In swimming, the hand may be disposed, 
relatively to the water, somewhat in the screw form, as well as in 
that of a flat paddle ; and when intelligence seeks some external 
aid to reinforce and extend the hand, she fashions an oar, as 
nsed in sculling ; where it is constantly .submerged and is vir- 
tually a one-bladed reciprocating screw, alternately right- 
handed and left-handed ; while oars wrought from the sides of 
a boat in the usual manner are the mechanical rudiments of 
paddle wheels. 

186. Eobert Hooke, a celebrated English mechanician (1635 
— ^1703) believed that the ancient galleys were propelled by oars 
held nearly vertical, always submerged and subjected to a 
sculling motion. This then was rudimentary screw propulsion, 
and, reciprocally, a screw propeller is a " continuous sculling 
machine." 

Screw propulsion is said to have been known to the Chinese 
for ages. In water, it is but the companion in a new office, of 
the " Archimedes' Screw " for raising water, and the coimter- 
part of the immemorial windmill in air. 

These remarks serve to show how shadowy and dimly defined 
is the origin of the invention of the screw propeller. The point 
selected for beginning its history must therefore be somewhat 
arbitrary. This history cannot here be given. Suffice it to 
say, that, beginning widi Hooke, Bourne rehearses about two 
hundred and seventy-five forms or modifications of inventions 
relating to propulsion by the screw or by analogous devices. 

The principle of axially expanding pitch (176) was first 
patented in America, and applied to mill water wheels by 
Clark Wilson, of New Hampshire, in 1830.* 

It had been patented in France and applied to propellers in 
1824, and was patented in England in 1832. 

The overhanging, or " bent back " form was first patented by 
Ebenezer Beard in Connecticut, in 1841, and in England by the 
« Earl of Dundonald," in 1843. 

Of course among so many designers as have been indicated, 
many reinvented the works of others, many merely treated de- 
tails and accessoiy features, such as various relations of the 
propeller to the hull of the vessel, and to the rudder ; and 
means for raising the propeller. Others sought to produce pro- 

* Boarne, p. 42. 
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pollers, which should be adjustable either in length of blade 
or in the inclination of the surface of the blade to the axis, b; 
revolving it about a perpendicular to the axis. 

Others, emidous of ducks and fishes, devised fish-tail and 
other fiexible propellers of hinged flaps, or of steel frames 
covered with gutta-percha, which should adjust themselves to 
the action of the water. Attempts have also been made to steer 
partly or wholly by screws, either by having two independent 
screws, one on each side of the stem, which could be revolved 
at unequal velocities, or by deflecting the entire screw, in case 
of a single propeller, so that it might revolve in any plane 
oblique to the shaft 



Example Lm. 
TTie Screw of the " Dunderherg^ 

Description. — ^PL XXVIII., Fig. 1, represents an end view 
of two blades, as seen in facing the stem of the vessel, and an 
edge view of the hub, two blades and part of another. This 
screw is " bent back" 15 inches. The direction of the revolution 
being as shown by the arrow «,«'; ME' — ^M'E" is the entering 
edge, and KD' — ^N'D" the following edge. At the former the 
pitch is 27 feet. On EF'— R'F' it is 28* feet ; and at ND'— 
N'D'', it is 30 feet 3' : 9" = 45" is the pitch of one blade, = 
one-eighth of the total extreme pitch of 30 feet, and 100" is its 
effective length ST. 

Thus this is a screw of axially expanding pitch, bent back, by 
having a curved generatrix RT — ^R'T', 

Construction, — ^This is pretty nearly evident from the figure, 
by the letters of reference, after the preceding example. Fig. 
2 shows a good method of laying out the cylindrical blade sec- 
tions (Ex. LII. 4^) in case of axial expanding pitch. 

DO, for example, is the length of the arc, 1 — 1, of the end view, 
MTN, of the blade, and AD is ihQ pitch of the blade, then AC 
is the development of the helical arc 1 — 1. But this develop- 
ment is curved ; and at A,B, and C, should be tangent to straight 
developments of helices having pitches of 27, 28^^ and 30 feet 
Hence make AX = twice the pitch, 3' : 9'', of one blade = 
T : 6" ; Xa = y& = sc = twice the arc 1—1 of the end view. 
ky = twice the pitch of one blade at RT, = T : 2" nearly; 
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ftnd Az = twice the pitch of one blade at NE' = 6' : 9". Then 
Aa^ AJ, and Ao will be the required auxiliary dovolopmente. 
The curved development, AC^ is now drawn so as to be tangent, 
at A, to Aa; at B, to a line parallel to Ah ; and at C, to a line 
parallel to Aoy as required. 

The dotted figure Am Tn is an example of the conventional 
^ development" of a blade, mentioned in (Ex. L ; 1^). 

187. Bef erring the reader again to works on propellers alone, 
for fuller details, the subject is dismissed with ^e following 
data of celebrated examples, from which the student can con- 
stmct additional %ure8 for himself. 

L Screw of the XJ. S. N. Steamer Onetoa. 

Diameter^ as seen in end elevation, 12' : 9'\ 

Zenffthj parallel to the axis, 22'^ 

Oeneratriwj curved, with a radius of 16' : lOJ". 

Pitchj expanding axially, from 18' to 20'. 

Thiiokne88 ofiUidea at the hub, 5f ", greatest. 
« a a u periphery,!". 

Badial section of greatest thickness, f of the width of blade 
from the entering edge. 

Siiby greatest diameter, 22". 
« bore lOi", tapering to 9i". 

I/o. qfhladeSj 4 

2. Screw of the U. S. N. Feigatb 

Diameter^ 19'. 

Lmgih, 41" at the hub. 44" at peri- 
phery. 

Generatrix^ curved, versed sine = 6" 
tc a chord of 19'. 

Pitchy expands axially from 26' to 
80'. 
Hiiby centre diameter, 38", Fig. 93. 
" forward « SOf". 
"rear « 26". 

" (hollow) internal diameter, 20'^ 
length of body, 41". 
total length, 88". 
Shaft diameter, 8". 
Greatest perpendicular thickneas of blade at hub, 9}'' 



u 




Flf.tt. 
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Greatest perpeadicnlar thicknesB of blade at hub^perpendica- 
lar to axis, 9f . 

Thickness at peripheiy, f . 

Sadial sections^ or templets, in planes nearly perpendicular to 
the axis, that is taken on, or parallel to the chord, as E^'^H; 
PL XX VlL, Fig. 5, of the generatrix, ^ixAperj^endicvlipr to tfts 
paper. The edges of these templets are carved. The centre 
one is of varions widths, from 11^^' at the hub to 7V at the 
periphery (Ex. L ; 6**). 



D— VOLUME OPERATORS. 

Example LIV. 

Andrewfa Centrifugal Pump. 

Description. Plate XIII., Figs 6 and 7. — A is the base of the 
pnmp, cast in one piece with the case 0, and strengthened by 
brackets da. To the chamber C, by flanges hV^ is attached the 
conducting-case, composed of two parts, DD', united by flanges 
dd/j forming a conic spiral discharge-passage, g and E, gradually 
enlarging to its outlet. F is the stufiing-box, through which 
passes the cast-steel driving-shaft G, having a series of grooves 
turned in its surface at J, which are accurately fitted in a Babbitt- 
metal box in the standard H, and its cap A, counteracting all 
tendency to end-thrust or vibration. I is the bed-plate, having 
cast upon it the standard H and brackets, to which the pump is 
secured by the flanges dd/ and base A. The base A also forms a 
flange, to which is bolted the bend, Q, with suction-pipe B attached 
(shown broken off), with a foot-valve (Fig. 96) at its lower end. 

To a flange on the discharge-oriflce, 
are attached pipes for conveying the 
water wherever required. 

KK is the disk secured upon the shaft 
G, having wings. Fig. 94, 1, 2, 3, 4, 5, 6 
(see Fig. 7), upon its periphery, closely 
fitting the space between it and chamber 
C, within which they revolve without 
"*• **• touching. Their discharge-ends, ee^ ex- 

tend beyond K, close to case D^, without touching it, and ter- 
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minate on a line parallel to the shaft O. L is the hub cast with 
and connected by flanges UU (see Fig. 95) 
to chamber G, forming spiral introduction-pas- 
sages. 

In the end of the shaft G is a steel button, n, 
with a convex face, which revolves in contact with 
the convex end of the step N, secured in the hub 
L, supporting the shaft and disk when run verti- 
cally. Motion is communicated to the disk by a rw.9^ 
belt upon the pulley P. 

Operation. — ^The pump and pipes first being filled with 
water, rapid motion is given to the disk K, when the centrifujral 
force imparted to the water between the 
wings causes it to fiow through the passages^ 
and E, to the outlet ; a vacuum being there- 
by created between the wings, causes the 
water to rise through the pipe B, to keep up 
the supply. 

By means of the spiral passages around 
the hub L, the water from the suction-pipe is 
turned gradually from a direct forward 
course and delivered to the propelling wings *** ^ 

in the line of their action ; thence, through the spiral passages 
g and E, it is again, by an easy, gradual curve, brought back to 
a straight com*6e, upon reaching the outlet. 

The wings on the disk K, passing beyond its outer edge, create 
and maintain a vacutmi between it and the case D, and prevent 
sand, dirt, etc., from coming into contact with the shaft The 
step N is in like manner protected from dirt, enabling the pump 
constantly to discharge a large proportion of sand, gravel, etc., 
without injury to any of its parts. There being no valves in 
action (the foot valve remaining open while the pimip is in 
motion, and used only to retain the chaige when at rest), and 
no wearing parts, except the shaft in its bearings, which is per- 
fectly protected from dirt, Hie friction is reduced to the smaUr 
est possible fraction, enabling the pump to run for years with- 
out repairs. 

The power, lost in piston pumps in overcoming the momen- 
tum and inertia of the water at each stroke, is saved by this 
pump ; also the large amount of power lost in changing the cur- 
rents of water at right and other angles — all changes of direo- 
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tion being made by easy gentle curves — enabling it to per 
form tlie same work with mnch less power and a greatly de< 
creased velocity. 

Construction. — ^This can be made sufficiently well, since these 
pumps are of various sizes, by taking the diameter of P=12''^ 
and of B=6", for a scale. 

An end elevation am be added, by making the vertical plane 
of the outlet flange, tangent to ihB flange dd\ at its f orem^ist 
point 
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BOOK SECOND. 

COMPOUND ELEMENTS OR SUB-MAOIONES. 

187. As fioon as, by leaving single mechanical oigans, wf 
come to connected series, or trains of pieces, some new and pe 
culiar principles relative to the drawing of the latter are re- 
quired. 

Not only the Jbmiy dimermonsj and location of each piece 
must be known, but the character of its motion^ must be under- 
stood also, as a condition for knowing the na4/wre of the motion 
which it win oom/mAjmicate to whatever is actuated by it From 
all this the final result can be derived, which is the ability to 
astdgn to each piece that one of its successive positions which 
corresponds to a gvven position of some one part, taken as a 
standard, to which the others are referred. 

188. Thus, not to take the too hackneyed illustration of the 
crank and piston, first imagine two spur wheels, A and B, in 
contact at T, and let the diameter of A be double that of B, 
and let their arms, AT and BT, be on the line of centres. 
Then, as equal lengths of arc on each must pass the point T 
in the same time, a revolution of 45^ of AT will produce a revo- 
lution of 90** in B. 



4. 



^ 



3> 



. ST. 



189. Again, to take an illuBtration from pulley work, Fig. 97. 

Let A be a fixed point or pulley, from which a cord proceeds 

to the movable point, 6, and around it to 0. By drawing 
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the cord till B moves to hy we shall have, by reason of the m- 
variable length of the string : 

AB + BO = Aft 4- ftc, or by decomposing, 

Ai f JB + BJ + JO = AJ 4- JO + C(J, in which, by can- 
celling, Co = 2Bb. That is, if the free end, 0, of the cord be 
moved a gwen distcmcey the movable point will move h<iifa8fwr. 

In tl:.e second case, A still being the fixed pulley, but the cord 
being fastened to the movable one, B, we have : 

BA + AB + BO = ftA + A J + Jc, or, by decomposing, 

BJ + JA + AJ + JB + Bft + JO = JA + AJ + JO + Oc, 
from which, by cancelling, Qc = 3BJ. 

And generally the place of a movable pnlley will be at a dis- 
tance f i*om its initial position equal to one-n^ of the space de- 
scribed by the free end of the cord, where n the number of 
cords at the movable pulley, 

190. As most examples of sub-machines consist of fewer 
parts Uian any whole machines possessing much interest, it 
would be only a needless anticipation of the subsequent ex- 
amples to give further illustrations here of the general idea 
which should be constantly in mind in constructing the follow- 
ing examples, which is : WJiere is each piece, and what is its 
motion, at any given stage of the motion of a gwen piece ? 

Now, when the given piece is the operatavy the answer to 
this twofold question is a practical invention, consisting of a 
train of pieces for making the operator accomplish a desired 
result 

The careful study, then, of the following examples, with con- 
stant attention to this radical idea, and to the kindred question : 
[low else could the same result have been accomplished? is 
the study of the art of inventing, so fai* as that is an acquirable 
or teachable one. 

From the foregoing principles it may be seen that a com- 
pound element does not merely consist of many pieces, having 
fixed relative positions, and acting as one piece, for tJiat is true 
of cross-heads, pillow-blocks, pistons, and many other simple 
mechanical organs. But a compound element truly consists of 
several moving pieces, each of which moves in a certain way 
according to the motion imparted to some one of them. 
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SUPPORTERS. 

EZAHFLB LY. 

A Corrypovmd Chadk. 

Description. — ^A chtusk is a contrivance attached to the manr 
drdy or supporting axis of a lathe, for the purpose of holding 
the work. 

Chucks are of various forms, according to what they have to 
hold, and the work to be done upon them, whether circular, or 
other turning, external or internal; and will be found de- 
scribed in any of the accessible popular treatises on turning. 

Compound chucks are of three principal species : — 

Scroll Chuck%^ Fig. 98, where the spiral tooth, C, acts to ad- 




FlGb08L 

vance or retreat the jaws A, to or from the centre— 

Conical or wedging Chucks^ which separate the jaws or close 
them together, by urging them into a conical sheath in the latter 
case, or withdrawing them in the former, by the action of a 
screw; and — 

Gea/red Chucks^ which are of various forms. The following 
figures represent Horton's Geared Screw Chuck, which is highly 
spoken of by persons engaged in the finer mechanical pursuits 
of making small and exact mechanism. 

Other chucks are very generally modifications or combina- 
tions of the foregoing. When the jaws, D, D, D, are separately 
operated, the chuck is said to he an independent jawed chuck. 
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Fig. 99 gives a view of this Chuck ready for use. 




Fig. M. 



Fig. 100 represente the interior of the back plate, with the 
deep groove or recess containing the rack G, within which it re- 




Fia loa 

volves freely. This groove, by means of its outer and inner 
flanges, as shown by figures 100 and 101, forms a tight casing 
for the gears, thus protecting them from chips, dust or any mat- 
Uiat would otherwise injure them. 

Fig. 101 represents a view of the interior of the front plate 
showing the carrying screws, AAA, and the nut part, N, of the 
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jaws, with the bevel pinions upon the former. The inner ends of 
these screws have their bearing: against the hub L, Fig. 100, while 




FiOb 101. 



the shoulder formed by the pinion near the outer end, rests firmly 
against the outer rim of the groove, in which the rack G moves. 




FlO. lOS. 



FiO. 108. 



Fig. 102 is the circular rack, seen at G, Fig. 100. 

Fig. 103 gives a view of the jaw, which is forged of one piece 
of metal. The slots for the jaws, radiating from the centre, 
leave the periphery entire, thus securing the greatest possible 
strength. By means of tiie rack and geared screws in this 
chuck, great facility is secured for moving the jaws, so as to 
confine any article, by applying the wrench to amy one of the 
carrying screws. By doing this, all the jaws are carried forward 
at the same time, bringing the article to be confined at once to a 
centre. Then when widiing to confine the work very firmly, 
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pass the wrench from one screw to the other, and pnll upon it 
sufficiently to take up the back lash in the gearing. By conr 
tirming this operation^ one can fasten the work tight enough 
for all the pwrposee requi/red. The jaws to this chuck can 
always be kept very accurate. For, by means of the gearing, 
they may at any time be adjusted to within about one-hundred 
and fiftieth pai*t of an inch of a true circle. They can also be 
operated independently, by simply taking the rack out of the 
back plate, thus allowing it to hold any kind of irregular form 
of work. 

The jaws are case-hardened with animal coal. To do this 
thoroughly, takes a number of hours, and is apt to spring the 
jaws. To obviate this, the bite of jaw6 is ground true 
after the chuck is finally assembled for market, which makes the 
jaws as true as they were left after first turning. 

^ • The tightening of the jaws 

^ ^ -w ^ by "taking up the back-lash" 

< /yy/S^ n^^J'Xj^ means this. When a pinion, 

L J r ^ C A, Fig. 104, is turned, it 

^ •*' draws the rack E, and th>at^ 

^'®* *^ as shown at E', turns the 

other pinions. The back-lashy which is the difference between a 
tooth and a space, will then be at the right of tooth A, and at 
the left of A'. By turning A' till it bears upon tooth a\ the 
back-lash will be said to be taken up. It may be more, and 
then the back-lash will be at the. left of A. Hence, as directed, 
all the pinions should be turned in succession. 

Construction. — Figs. 99-103, with the measurements, which 
are sufficiently given, may serve as an example of sketches and 
measurements, from which projections can be drawn with 
sufficient accuracy to answer every purpose of a graphical exercise, 

191. Other compound supporters, are compound sUde restSy 
and tooVholders. 

These are designed to give one or more motions to the point 
of the cutting tool in the higher power lathes, planers, shaping, 
and surfacing machines. 

One will be found illustrated in connection with " feed mo 
tioDB " on a subsequent pafi;e. 
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COMMUNICATORS. 

192. Comfn/tmioators, are perhaps never compound, but with 
tlie small space left at our disposal, we cannot better illustrate the 
differences (187-190) between the drawing of detached and oi 
connected organs, than by a few examples of groups of con- 
nected communicators. 

Example LYI. 
A Beam Engine Main Movement. 

The skeleton %ure, PI. XXVII., Fig. 8, answers every pur- 
pose of a finished one, so far as to show how to find the 
positions of other parts for a given position of a given part. 

Let the vertical, By, be the indefinite axis of the cylinder, 
and let the vertical, H6>, contain a diameter of th6 crank pin 
circle JII^'. This dAameter is equal to the stroke of the piston, 
and so are the vertical chords of the arcs described by the ends 
of the hecmij whose centre is at O. Suppose the cylinder end 
of the beam to be connected to the piston rod by a link, Wh / 
attached at 5 to a cross head. Then make om=. ge z=z BD, the 
piston stroke, = JH, and describe the arcs, onm and gfe^ to be 
described by the ends of the beam, whose length will tlien be 
nf. But now observe that appositions of the ends of the beam 
are outside of the verticals. By and TLo. It is desirable, how- 
ever, to have the average position of the connecting rod, Hw, 
vertical; and so of the link B'&. Hence bisect A/ at C, and 
nr at I', and draw the parallels oZ' — mW — etc., to tj/J so as to 
make the new vertical chords as J^H' equal to BD, and take 
OI' = OC for the final radius of the beam which will make the 
mean of the positions of the connecting rod, and of the link, 
vertical. Draw H'H, the lowest, and J'J the highest position 
of the connecting rod. To find the positions of the crank pin 
when the beam-end is at I', take that point as a centre, and 
HH' as a radius, and note I and V\ where the arc so described 
cuts the crank pin circle. Likewise the link, being of constant 
length, B'J = G'c = D'dT, corresponding to the lowest, middle, 
and highest piston rod positions Bi, O, and Hd. 

Finally, to find the position, of all other parts, due to any 
given piston position as P. 
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1**. — Lay off vertically from P the constant length Pp (not 
shown) of the piston rod. 

2®. — ^With J? as a centre and the constant length B'J, of the 
link, as a radius, describe an arc, cutting the beam arc, D'C'B', 
in the required position, which we will call K, of the right-hand 
beam-end. Then KO to K' on J'I'H' will be the beam position. 

3°. — ^With K^ as a centre, and H'H as a radius, describe an 
arc cutting the crank pin circle in a point Q, which, finally, will 
be the required crank pin position. 

Example LVIL 

WTieder^a TvmbUng Beam Engwie. 

A skeleton view of this very curious form of steam engme 
in five different positions of the crank, etc., is shown on PL 
XXX., Figs. 4-8. Here, a^ are the cylinders, standing on the 
bed plate B. is the crank shaft, which, with the rocker 
shafts, g^g^ works in fixed bearings in a common frame. "Sitt 
is the tumbling beam, no point of which is fixed, R being 
attached to the crank-pin B; and t and t to the piston rods. It 
may have various proportions, but an isosceles triangle, whose 
altitude BD, Fig. 105, is equal to half the base AC, is preferred. 




Fig. 106. 



The middle point B (m, PI. XXX.) moves in a vertical line, it 
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being also the middle point of the link rvn^ which joins the free 
ends of the equal radius rods, K,K, so as to form a ^^jxirallel 
motion!^ K,K turn on the centres g^g. P and Q are the 
pistons, and the arrows show the direction of their motion, at 
five equidistant positions, 45^ apart, of the crank pin. 

Starting with the given proportions of the beams, and the 
facts, that when one piston, a\ Fig. 105, is at mid-stroke, the 
other, a, is at the end of its stroke, and the point A, Fig. 105, 
of the beam, is on the cylinder axis A5', we can determine any 
other pair of positions; also the peculiar property of this 
engine, that the piston stroke is greater than the diameter B^, 
of the crank pin circle. The amount of this excess can also 
be found. That it exists is obvious on mere inspection ; for if 
the piston positions were alike, all points of the beam would 
move in vertical straight lines equal to the diameter B^. But, 
by reason of the unlike piston positions, the beam oscillates 
besides ascending, so that t and ^, and thence the pistons, must 
have a vertical movement greater than B^. 

To ascertain the relation of ns^ Fig. 105, to the piston-stroke 
ao^ let ACD be the beam, with B on ^e vertical OB, and B A = 
BC = BD, and D, the crank pin at the 45^ point from n. Thus 
BD = i AO, and 

D^ = D^ = i CE = J ao (compare Figs. 5 and 7.) 
But OD = 4^205^" = i^i"M' 

or 20D = 7M = VY^Udf. 

For example, let cui == 20", then rw, or the i/vraw of the crank 
= 14.2 ; and the length, OD, of the crank = 7.1. 

The points U^ see the Plate, do not move in straight lines, but 
in elongated figure 8's. Therefore, in the absence of the usual 
connecting rods, this engine belongs to the variety called trunk 
engines, in which the piston rod is a hollow cylinder, called the 
trunk, and links join tlie points t with the jpistoUy and pass 
(lirough the trunk. 

193. Other novel forms of steam engine, besides rotary oneS; 
are Hoofs Squa/re Engirns, consisting of a rectangular " cylinder*' 
and two rectangular pistons, one within the other and moving 
on the two centre lines of a rectangle, while the inner one is 
attached directly to the crank pin, and Hicki Engme; both of 
which are further remarkable for compactness. 
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Example LVHL 
An Eight-Day dock Tram. 

PL XXXIIL, Fig. 1, shows snch a train. The circles in fiii6 
lines, represent the pitch circles of those wheels, which especi- 
ally belong to the hour hand movement. 

Each wheel is designated, laty by its radius ; Qd^ by its number 
of teeth, t; Sdy by the time of one revolution of it. The arrows 
indicate the directions of the revolutions. AB is the j>endylumj 
vibrating once in each second. A^' is the escapement, oscil- 
lating in unison with the pendulum, p and^' are its paUetSy so 
adjusted that, as the pendulum swings to the left of its vertical 
position, tooth a of the scape whedy passes the point of pallet^, 
but just then p* catches tooth c on its right side, so that the 
scape wheel moves but half its pitch at each vibration of the 
pendulum. Hence a' will not pass p, till the pendulum re- 
turns again to its left hand position, that is, in two seconds. 
Thus the scape wheel, having 30 teeth, revolves once in a 
minute, and may carry the seconds hand. The pitch being 
made the same for all the wheels, their radii, and thence their 
tvmes of revolution depend on their rmrnhers of teeth. These 
are clearly expressed on the figure. Wheel 96^ is on the end 
of a barrel around which the weight cord makes sixteen turns. 
It can, therefore, make 16 revolutions of 12 hours each before 
the clock will run down. Wheels, like 64^ and 40^, which revolve 
in the same time, may be on the same physical axis ; but wheel 
72^, which carries the hov/i' hand, is on a hollow axis, through 
which that of 64^ and 40^, carrying the rmnvite hand, passes. 

Oiiher Trains. 

194. Let US now examine this train so as to find some general 
relations, variable v.r not, between the train and the final results 
to be accomplished. 

1st. Given a pendulum vibrating seconds, which is conveni- 
ent ; it is also convenient that a tooth should pass a pallet only 
once in two vibrations, so as to reduce the nimilrer of teeth in 
the scape wheel. Thirty teeth are therefore fixed for thai 
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wheel ; and one minute for its revolution. The action of wheel 
96^ being more conveniently prolonged by making many turns 
of the cord about its ha/rrd^ than by making that wheel with 96 
X 12 = 1152^, in order to revolve it once in eight days, we 
give it 96 teeth and 12 hours = 720 minutes for a revolution. 
That done, we have 

•2^ as the vdodty ratio desiredy between wheels 96^ 
and 30^. 

ITow the wheels 96^, 64^, and 60^ are successive cbrwerSy and 
the pinions 8^, 8^, 8^, are their respective followers^ and re- 
volve in the same times as the wheels on the same axis, and we 
have 

96x64x60 ^^ ^ ^, 720 
8x8x8 =12x8x7i = ^ 

Whence we infer that tM velocity ratio of the extreme axes 
of a train is equal to the product of the number of teeth in the 
driverSf divided h/ that qf the rywrnbera in, ihefoUowerSy which 

D 

write = „ 
F 

195. To show by a converse operation how simply this may 
be seen to be true, let the ratio -2^ be given, which for a mo- 
ment we will take as the ratio of a wheel of 720 teeth working 
with a pinion of one tooth, though this would practically be 
impossible. Now decompose the terms of this fraction into any 
factors as in the example, 

12 x 8 X 74 

-.- — - — il and the value of the ratio is unchanged. But, 
1x1x1 

mechanicaUyy pinions of one tooth are impossible, while arithr 
meticaUyy a fraction, or a ratio, is not- changed by multiplying 

8 V 8 X 8 
both terms by the same number, in this case by- — ^ — b' S^^™^ 

o X 8 X o 

, which are practicable numbers of teeth for the 



8x8x8 

wheels and pinions of the train. 

Proceeding in this manner, as the numerator may be variously 
decomposed, we may have 

-_-=_- — - — ^_=__ — - , where the numerators of 
1 1x1x1 8x8x8 ' 

the last fraction will be the nmnbers of teeth in the drivers, and 
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8 the number of teeth in each pinion follower, the last of which 
carries the scape wheel on its axis. 

Again, the barrel and the hour hand revolve in the same 
time, twelve hours. Accordingly we have for the hour hand 
96x40x6 12 



train 



8x40x72 12* 



196. These trains, and other similar trains, may be tabidated 
as follows, by a simple system of notation in which each 
wheel is expressed by its number of teeth, each pinion number 
is written under the number of that wheel which drives it ; and 
those of wheels on the same physical axis are written on the 
same horizontal line. 

We have, then, the following, from which the student can oon« 
struct the drawings. 



L— Bight-Dat Clock. 



TBAIK. 


FIBIODB. 


96Banel... 


Ih. 

Ih. 
minuta hand. 

Im. 

18 h. 
hoar hand. 






40 




8- 




— flO 




4 




8 80 


72 





U— TWBLVB-HOUB OliOGKi 



48Banel 

6 45 



-85- 



-SOaoape 



I 
85 min. hand. 



48 h. hand. 



Ih. 

Im. 

Ih. 

18 h. 
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265 



MBazxel. 
8 



-40- 



-10. 



-96 
8- 



-90 



80- 



-10 



40. 



12 h. 
Ih. 

Im. 

8h. 

12 h. 



where for the hour hand train, 



96x10x10 13 



8x80x40 
Bigbt-Dat Clock. 



12 



as it should. 



108 Band.. 
12 ^108- 



-64- 



-10 



12-100 

10— 80aoape. 



86 ndiL h. 



8b hour h. 



810 m. 
90 m. 

Im. 
Ih. 
12 h. 



108x10 



.9, 

8' 



810 m 810 m 



where* for the hour hand train = • 

wuere, xur ui« uuur uiuiu tnuu j^ x 80 8 12 h 720 m 

197. In this example the pinions are laiger, the wheels of the 
pendulum train more nearly equal, and no wheel in that train 
(which is the same thing as the escape- wheel train) revolves in 
one hour. 

When, as in the hour hand train, the extreme axes are the 
same geometrical axes, there may be a difficulty in adjusting the 
radii, if the pitch is the same as in the escape-wheel train. It 
is only necessary to remember, however, that the velocity ratios 
are as the nvmberSj not the eises of the teeth ; and only those 
teeth which gear into each other need have the same pitch. 

198. To include the pendulum, or balance wheel, in the train^ 
oonsider that as a tooth, or full pitch, of the escape wheel passes 
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a pallet, only after i/u)o vibrations of the pendulum, if e be tlio 
number of escape-wheel teeth, 2 ^ = the number of pendulum vi- 
brations in 1 revolution of this wheel. And if the pendulum 
makes J? vibrations per minute, then, to make 2 e vibrations, = 1 

2 e 
revolution of the escape wheel, will take — minutes. Then, as 

the hour axis revolves in 1 hour, = 60 m., the ratio of the revo- 
lutions of that, and the escape wheel, will be 

* p 2 e e 

199. If, then, a watch balance vibrates 800 times in a minute, 

and the escape wheel has 16 teeth, :p-(194) = — =-r — = -rr— 

and if there be three axes in the train, each with a pinion of 

• * .1, *v. D 600x9" 81x72x75, .„ ,, 

mne teeth, then .=t-= ^r — - — —=: —zr — ?r — 7— will express the 
' F 9x9x9 9x9x9 ^ 

train from the hour axis, to the balance wheel axis inclusive. 

Similarly, a month, or 82-day clock may be designed. 

Lunar and annual clocks are more difficult* 

Change 'Wheels. 

200. Analogous principles belong to change^wheelSj by which 
any given velocity ratio is given to two axes in fixed positions, 
as in a lathe. Thus, let the required set of velocity ratios be 
h h h h h f • Since the axes are at a fixed distance apart, 
and since it is convenient that all the wheels should have the 
same pitch, the stims of their numbers of teeth must be con* 
stant, and must be divisible by the sum of the terms of each 
ratio, that is, in this example, by 2, 3, 4, 5, and 7. The number 
of teeth in each pair is therefore the least common multiple of 
these divisors = 2x2x3x5x7 = 420 and the teeth in the 
luccessive pairs will be as follows : 
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For further information on these interesting topics, to which 
only an introduction can here be given, the reader must consult 
the larger treatises on clock and mill-work. 

Exarwple, — ^Let the ratios bo |, i, i, f , f . 



The Sltoe Valve and its Connections. 

*J01. The slide valve, and its connections, may be considered 
among the foremost of sub-machines, in interest and importance ; 
on account of the high office which it fulfils, in the working of 
tne grandest of motors in present use, the steam engine. 

The office of rJie valves connected with any steam engmo' 
cylinder, is to give the steam access to each side of the piston, 
alternately, and, at the same time, to provide an escape for the 
steam which hae jnst been effecting a piston stroke. 

202. Yalve motions in general are classified as 

1. Clock valves. 

8. Poppet valves, see Ex. XLIV, 

3. Slide valves. Ex. XUL 
Slide valves aie the ones most used, and are those which 
most invite» invesugation. They, with their connections, may 
be classified as 

1. Valve motions with one valve, 

2. " " " two valves, 

each of which is subdivided, according to the most important 
ground of distinction, into 

1. Motions veith invariable cut-off. 

2. " « variable « « 

203. We will now suppose the student never to have exam- 
ined the subject at all, further than by simple inspection of 
engines in motion, or partly dissected for repair; and wiU 
therefore begin witii a rudimentary example, in which only the 
radical features, without the various adjustments of redSned' 
practice, will be noted. See PL XXIX., Fig. 1. 



Oeneral Description of Parts. 

204. B is a fragment of the bed plate (Ex, XVL) or general 
support of the engine. P is the steam jnstony see PI. IV. ; Fig. 
17 
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1, and (Ex8. XX. and XXI.) which is urged backward and for- 
ward, in a rectilinear path, by the pressure of steam, acting on 
its opposite faces alternately. 

M is a section of the madn shafi or crank nhaft^ which is 
made to revolve in fixed bearings (Exs. L, 11., and III.) by a 
suitable connection with the piston. 

CC is the Bteam, cylinder ^ within which the steam is confined, 
so as to take effect upon the piston. H is the front, and A, 
partly broken out, Xh^ back cylinder head. Both are bolted to 
the ends of the cylinder. See Ex. X. 

P' is lihB piston rodj which passes through a stuffing box, not 
shown, in the back head A, and is firmly attached to the croM- 
head O, which moves in fixed guides — ^not shown — ^and parallel 
with the piston rod. See Ex. Vlll. 

. B is the connecting rod^ partly broken to show other parts, 
and jointed at (? to the cross-head and at the other end to the 
crank pin Q, by a joint like Ex. XXVI. 

N is the cranky keyed, as at ^, to the shaft, M. Supposing, 
tlien, that motion is already established in the direction of the 
arrow, the motion of the piston P, from its present extreme right 
position to its extreme left position, will turn the crank from 
the + 90** point to — 90°, through F. This motion of the piston, 
from m to n, is called its stroke. The return stroke turns the 
crank and shaft from —90° to +90°, tlirough D. The com- 
plete result is expressed by saying that one dovble stroke of the 
jyiston produces one revoltUion of the shafts or am, angvla/r 
motion of 860.° 

205. When, as is sometimes done, the crank shaft M, is not 
also the main shaft, but is connected with the latter by gearing, 
the double stroke of the piston might produce more or less than 
one revolution of the main shaft. 

Pile driving engines, where the piston speed is usually very 
great, are examples of the latter case, and some propeller 
engines, of the former. Since the piston has no tendency to 
move the crank, when the latter is in the positions MQ or MQ', 
the points Q and Q' are called dead points; also, centres. 

206. How now does the steam gain access to the opposite 
sides of the piston alternately! 

An eccentric^ see Ex. XXIX., being suitably mounted on the 
carank shaft M, the eccentric rod^ partly shown at X, where the 
connecting rod It s broken away, is jointed at o^ to the foot of 



Digitized by V3OOQ IC 



MACHINE CONBTBTJCnON AlO) DBAWIKO. 259 

the hanging rocker a/rm a. This arm, and its countei-part, the 
standing rocker A, oscillate together on the rock shafts r, t(> 
which both are keyed. A is jointed at ^ to the valve etem, L. 
The latter carries the yokej yy^ which embraces the stea/m vaJ/oe 
V. This valve is hollow, as at I, like an uncovered box tamed 
upside down. See also Fig. 2. 

T is the steam, chest j into which " live steam " enters from the 
boiler, by the steam pipe^ terminating at S. Its walls and 
bottom are solid with the cylinder O. Its cover is bolted on. 

s and s' are the steam passages^ leading from the steam chest 
to the opposite ends of the cylinder. In the direction of the 
circumference of the cylinder, or as seen on an end view, these 
passages extend about one-third around the cylinder. 

E is the eashavst^ and* opens through the chimney or smoke- 
stack into the atmosphere ; or, in condensing engines, into the 
condenser, Exs. XL and XII. p and p' are the steam ports, 
and u is the exhaust port These are three long and narrow 
parallel rectangular openings in the valve seat^fg, on which the 
valve moves, hb^ the partitions between the steam and the ex- 
haust ports are the bridges. 

The valve, V, is so proportioned to the ports, and is so moved 
tlxat but one steam, passage at a time can be open into the 
steam chest, and but one steoflmport together with the exhaust 
port can be covered at once by the hollow interior, I, of the 
valve. It is by such an arrangement as this, that steam is 
admitted to the opposite ends of the cylinder alternately. 

207. Let us next look at the action of the parts. 

General Action. 

As a rudimentary example, suflScient to illustrate the general 
action of the slide valve, let the valve be adapted to the parts 
as shown in PL XXIX., Fig. 1. At its extreme right position, 
let the port p, be wholly open to the interior I ; at its extreme 
left position, let tlie same port be wholly open to the steam chest. 
It is, therefore, now j ast at mid-stroke, moving left, and ready to 
open the port jp. As it opens this port, steam enters and pu^es 
the piston to the left to the mid-stroke position GK, when the 
port,^, will be wide open, the valve at the extreme left, and 
ready to return. When the piston has reached the extreme 
loft, at nn^ the valve will be at mid-travel again, but moving to 
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the right, and ready to open the port j?' for the return piston 
stroke. 

While the valve is opening and closing the steam port,^, t/> 
the steam chest, it is simultaneonsly opening and closing the 
port^' to the exhaust passage E, through the interior chamber 
L Thus the steam used in the preceding stroke from n tonij 
escapes into the atmosphere, through 8\ the -portp'j and E. 

208. Such, then, as to its main features, is the composition 
and action of a slide valve motion. What are the modifying 
omcses of subordinate variations in this action? 

The line from the shafi centre to the crank jnn cen^Cy 
properly represents the crank, and may be called the crank arm. 
The line from the shaft centre to the eccentric centre, is like- 
wise the eccentric a/rm, and is the lineaf crank which is equiva- 
lent to the eccentric. Twice the length of the latter line is, in 
simple valve motion, exactly equal, and in valve motions gene- 
rally, as in link motions, approximately equal to the travel, that 
is, tiie stroke, of the valve. Finally, the acting surfaces w of 
the valve may just cover the ports, or may overlap them on one 
or on hoth sides of each port j? and^'. 

209. Three things, then^l^^, the a/ngle between the crank 
and the eccentric arms; 2<^, the length of the latter arm, 
called also the eccentricity, and Zd, the rela4me sizes and posi 
tion of the valve faces, and the valve ports, materially affect 
the particulars of the distribution of the steam to the steam 
cylinder and from it to outer spaces, as we shall now pro- 
ceed to show, taking diem up from the point of view of desi- 
rable resttUs to be produced. 

Modifications amd Adjustments, 

210. The preceding rudimentary account up to (208) neglects 
the following particulars. 

1°. The influence of the connection of the redprocati/ng 
motion of the cross head, with the rota/ry motion of the crank 
pin. 

2®. The advantage of employing the steam expansively, by 
cuttinff off its admission before the completion of each stroke, 
8(» that the simple etasticity of the confined steam should effect 
the completion of the stroke. The point in the stroke at which 
admission of steam ceases is called the cut qff. 
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3®. The importance of using the steam itself, in place of com- 
plications of balancing mechanism, even if such were possible, 
to gradually overcome the inertia of the heavy reciprocating 
parts and so avoid damaging shocks at the points of changing 
the direction of the piston stroke. This is partly accomplished 
by closing the exhaust before the end of the stroke. The period 
during which the exhaust thus remains closed is called the comr 
pressian. 

4^. The release of the steam behind the piston, a little before 
the completion of a stroke, so that it may have time to escape 
in part before the beginning of a new stroke. 

5**. The convenience and elegance of likewise employing the 
steam itself to neutralize the results of certain minor and almost 
necessary imperfections in workmanship. This, with a further 
accomplishment of the third object (8°) is secured by admitting 
steam for a given stroke just before the completion of the pre- 
ceding stroke. The opening of the steam port at the beginning 
of the stroke is called the lead of the valve. 

Definitions, 

211. In connection with these proposed results, and available 
means for producing them, the following definitions arise ; which 
are here presented, together, for convenience of future reference, 
though some of them may have been given already. 

1st. The distance from one extreme position of any given 
point of the valve to the other like position of the same point is 
the travel or strdie of the valve. The centre line, yy^ of the 
valve, PL XXIX., Fig. 3, is a convenient line to represent the 
valve for the purpose of marking its travel 

2d. The excess outwa/rd, as Z, Fig. 4, by which the valve &ce 
extends outward, beyond its steam port, when the valve is at 
midstroke, is the outside lap of the valve, commonly called 
simply the lap. 

3d. If, as in Fig. 4, the valve being there at midstroke, its 
interior chamber were limited as at the inner dotted lines ; the 
small space =t, would be the inside lap, 

4th. The amount of opening of the steam port at the begin- 
ning of a stroke is the otUstde lead of the valve commouly 
called its lead. That is, lead admits steam to the piston before 
the latter begins a stroke. 
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5th. The amoimt of opening of the exhaust passage, at^' foi 
instance, if the piston is moving from C to A, Fig. 4, when the 
piston has reached A, is the inside lead. That is, inside load 
af lows steam to escape before the end of a stroke is reached. 

6th. The point at which admission of steam ceases is the cut- 
cff. This term is also applied to the separate valve often used, 
by which the cutting oflF is effected. 

7th. From the point of cutting off, to the opening of the ex- 
haust passage, is ^'^ period of efepcmsion^ as the one from where 
the steam port begins to open, to the time of cut-off, is the 
period of admission, 

8th. From the time the exhaust passage closes till it is re- 
opened for admission is Hl^sSi period of compression. 

Exhaust naturally and mainly takes place hefore the piston, 
but inside lead opens an exhaust passage behind the piston, 
before the latter has finished its stroke. 

9th. The point at which the exhaust opens is the release ; and 
is, as said, the close of the period of expansion. 

10th. If, as in Fig. 4, the length oo' of the interior of the 
valve is greater than the exhaust port + the two bridges, the ex- 
cess, as Oy on each side, is called the dea/ra/nce, 

ilth. The difference between 90^ and the angle made by the 
eccentric arm with the crank, is the a/ngvlar advance of the 
eccentric 

12th. Tlie arc or angle of the eccentric arm motion, which 
would move the valve through a space equal to a given lap, and 
so as to just close a steam port by that motion, is called the lap 
angle. 

18th. Tlie angular distance of the crank-pin from Q, when 
tlie steam port begins to open, is the lead a/ngle. An equal 
angular motion of the eccentric is its lead angle. 

212. Taking up the above topics (210) in the order named, 
the connection between the cross-head, O, and crank-pin, Q, 
may be indirect^ through the medium of the connecting rod, B, 
or direct as in PI. XXIX., Fig. 8, where the outer extremity of 
the piston rod is expanded vertically into a slotted yoke ; which is 
simply the mechanical equivalent of a connecting rod of infinite 
length; or of a line^ perpendicular to the piston rod, and 
always containing the centre of the crank-pin, and therefore 
equal to the diameter of the crank-pin circle. In tliis form of 
connection, the motions of the piston, piston rod, yoke, and 
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craiik-pin, in tlie direction of the axis of the cylinder, aro 
BimultaneouB and eqnaL 

The ends of the rocker arms might, likewise, move in small 
slotted yokes, attached to the valve stem, and eccentric rod ; 
but by balancing their arcs as in PL XXVII., Fig. 8, or 
PI. XXIX., Fig. 3, no sensible irregularity will appear in liieir 
small motion. 

Theobesc XXn. 

In eWier mode of connection^ the velocity of the crcmh^n 
is v/niform ; cmd that of thejpiston is variable. 

It is important, in order to avoid injurious shocks, especially 
in heavy machinery, that its parts should move with uniform 
velocity. But all the machines of a given assemblage derive 
their motion ultimately from the main shaft of the prime mover, 
through one or more lines of shafting, from which belts or gear- 
ing pass to the separate machines, and which revolve uni- 
formly. Hence the main shaft should likewise revolve uni- 
formly. 

The rest of this preliminary and general theorem may now 
be suflSciently demonstrated from PL XXIX., Fig. 1. 

Let the crank-pin circle be divided into eight equal parts, to 
represent eight equidistant positions in the uniform rotary 
motion of the crank-pin. Then take the constant length, Q(7, 
of the connecting rod, in one pair of dividers, and the constant 
length, (?P, of the piston rod in another. Then from 1, 2, 3, 
etc., on the crank-pin circle, as centres, describe arcs, with Q(7, 
as a radius, and from their successive intersections, temporarily 
noted, with the centre line MP, lay off the distance oT ; which 
will give the piston positions 1, 2, 3, etc., corresponding to 
the equidistant crank-pin positions above described ; as is evi- 
dent from the nature of the connection of the moving parts. 
Now, because the successive equal arcs 0^-1 ; 1-2 ; etc., are 
more and more nearly parallel to the line of direction Mp of 
the piston motion the nearer they are to IT, it follows that the 
corresponding successive advances of the piston from P, to 3, 2, 
etc., must be at first greater and greater ; while as the crank- 
pin approaches the point, Q^, they must be less and less, as at 2'- 
3', and 3 V. And it also foUows that this result must be true, 
in general, for both the described forms of connection. 
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Thbokkm "^TTTT. 

The piston poritionSy oorreypondmg to cramk pm posUiom 
v)hich a/re equidiatcmt from the same dead-povnty are identical 
for either cormection separately. 

This very evidently reeults in the direct connection, PL 
XXIX., Fig. 3, from the fact that the yoke, de^ is constantly 
perpendicular to the piston rod, and moves with it as one piece ; 
so tiiat the piston, for example, will be at f whether the crank 
pin be aty orf\ these points being equidistant from the same 
dead-point, a (206). 

The same result follows in the indirect connection, from the 
constant lengths of the crank and the connecting-rod, so that, 
for example in PL XXIX., Fig. 1, triangles, as <)J'M and 
o3^Td.y are always equal, and have the side oM conmion, the 
points J' and J" being equidistant from Q. 

213. The movement of the piston from m to n, being its 
stroke, the same, together with the return from n to rriy is called 
ft dovhle strokey and evidently corresponds with a complete re- 
volution of the crank pin, beginning at Q. 

Let the crank pin motion UQW, be called the front half 
of its motion, and WQ'U its back or rear half, and let the two 
divisions of the double stroke corresponding to these semicircles 
be called the front amd hack segments of the double stroke. 

The piston motion is thus properly referred to the crank-pin 
motion as a standard, because the latter is uniform, Theor. 
XXII. And the crank-pin circle is divided thus by the 
diameter UW, instead of by any other diameter, because, 
Theor. XXIII., the piston positions in either connection are the 
same for crank-pin positions equidistant from the oppc«ite ex 
tremities of UW. 

Theobbm XXDT. 

The segments of the dovhle stroke are eqnal in the direct 
oormectioriy and the front 07ie is the greaier in the indirect con- 
nection. Conversely y etc. 

This proposition is sufficiently obvious from mere inspection 
of PL XXIX., Fig. 8, in case of the slotted joke connection, 
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since the motioiiB of the piston, yoke, and crank-pin, are all 
equal in the direction of the piston motion. Thus, when the 
piston has advanced from A to B, the yoke has advanced from 
a to dej carrying the crank-pin an equal horizontal distance, 
aby from a tod. That is, the half semicircle, ady of the crank- 
pin motion, corresponds with the half -stroke, AB, of the piston. 

Again, in Fig. 1, operating as in Theor. XXII., we find 
G'K' to the left of the centre line, GJ, as the piston position 
corresponding to the crank-pin positions, U or W, which estab- 
lishes the first part of the theorem. 

Conversdyy the segments of the crank-pin circle, correspond- 
ing to the equal segments of the double-stroke each side of 
G J, are unequal in the crank connection, the forward one being 
the less. To show this, we have only to take the length, oQ, 
of the connecting-rod, as a radius, and o\ die position of o at 
mid-stroke, GJ, of the piston, as a centre, and describe the arc 
FMD, through M, since M(?'=Qo or o'o=Km or Kn / and D 
and F will be the crank-pin position, corresponding to the mid- 
stroke position of the piston. 

Natv/raL Zero Points of the Piston and Cra/nhpvri Motions^ 
and Seffmenta of the Dovhle-Stroke. 

214. At first glance it seems natural to divide the double- 
stroke into its two single strokes, as its most simple component 
parts, and to place the zero points at Q and Q', PL XXIX., 
Fig. 1. 

But, as we have seen, the two segments of the single-stroke 
which correspond to two successive quadrants of the crank-pin 
circle, reckoned, from Q to Q^, are unequal ; and the piston 
positions, corresponding to equal arcs each side of MU, are un- 
symmetrical with GJ. And, besides this, in the earlier 
segment of the stroke are the lead and admission, and in its 
later one are the cut-off and compression and release. That is, 
the two segments of the single stroke are unlike, both in their 
piston-positions, and their characteristic events. 

On die other hand, if we take the zero point of the piston 
motion at the position corresponding to the position of the 
crank-pin on MIT, we shall have lead^ admissiony Okiiroffy com- 
pression and release on each side of G^E', corresponding to the 
crank-pin motions, UQW, and UQ^iV. 
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Again, as the cftanh-pin motion is v/niform^ let its path be 
the one to be divided into equal segments by its zero points, and 
let the irregular divisions be on the stroke, where the motion^ 
also, is variable, and where the events of the two parts of 
each sti'oke are dissimilar. 

We will therefore take U as the zero point of the crank-pin 
circle, and reckon 180** each way from it Then let G'K', the 
corresponding piston position, be the zero point of the piston 
motion, and let the distances from G'K^, each way to the end 
of the stroke and back, be the segments of the donble stroke. 

The steam cylinder may thus be regarded as a compound 
one, composed of two cylinders of unequal length, estimated in 
opposite directions from the section G'K', as a conmion base, 
in die common initial, or zero plane of both. 

Distinguishing the pistons of the two forms of connection as 
the orank jpiston and the yoke j^iston^ we have the following 
theorem. 

Thbobbm XXV, 

The cra/nk piston is ahead of the yoke piston dmrvng the 
stroke towa/rds the shaft ^ and "behind it dwrvng the opposite stroke. 

Since the segments mK and nK of the double-stroke, FL 
XXIX., Fig. 1, are equal in the yoke connection, the a^coderor 
turns of the piston from m to K are exactly symmetrical with 
those from n to K, that is also with the retardations from K 
to n. 

Since the like segments, PO and n'O, are unequal in the 
crank connection, PO being the greater, while both are tra- 
versed in the same time, the acceleration from P to is more 
rapid than from n' to 0, that is, than the retardation from 
to n\ 

Hence it follows that as the pistons of each connection start 
together, from the position Pm, the crank piston will gain on 
the yoke piston till the former is at TL'Q' ; the latter being at 
the same time at GK. Then the yoke piston virill gain on the 
crank piston till both coincide at n/n. 

Therefore the crank piston is ahead of the yoke piston during 
the stroke towa/rds the shaft, and conversely, as is sufficiently 
evident, is behind the yoke piston during the stroke from the 
shaft. 
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But it is Btill to be noted, that after the crank piBton has 
gained, till it is ahead by the space from GK to G'K', the yoke 
piston makes up this loss and catches the former at nn. Then 
starting together at nn^ the yoke piston gains daring the back 
semicircle of the crank pin, till ahead by the same space it lost 
before, when the crank piston makes np its loss and catches 
the yoke piston at P. Thus the division of the double stroke 
adopted in (214) is further justified. 

Ota Of. 

215. Let that part, v, of the valve, which covers a steam port, 
be called its Uj} ; and when the lip is of the same width as the 
steam port, and when the eccentric centre, as in the foregoing 
examples, is just 90^ behind the crank pin, let the arrangement 
be called a radical valve motion; it being the one from which, 
as a base, to proceed to make all necessary modifications. The 
eccentric centre will be thus situated because the valve is at 
mid-stroke when the piston is at the end of its stroke ; exactly 
so in PI. XXIX., Fig. 3, and sensibly so in Fig. 1, owing to the 
length of the eccentric rodj as compared with the eccentric arm. 

The main events in the valve, or piston, stroke are the point 
of admission of steam to produce a stroke ; the point of out- 
tinff off ; the moment of dosing the exAatcst, by which steam 
is pent up before the piston ; and the moment of release^ when 
the steam which is producing a given stroke begins to escape. 

It will now be convenient to study the separate effects of 
angular advcmcej and of laj> (211) upon these events. 

Thbokkm XXVL 

The effect of a given amjguUvr adn)a/nce of the eccentric ^ wiU 
he to afford ** admission^ for a new stroke^ ^^cut^ff^ "«d- 
hcmst dosure^^ and " releasCj^ all at an egtial nmmber of de- 
grees before reaching a dead point. 

Let tiie crank pin be at any position as +45 PI. XXIX ; Fig. 
3, and moving towards a. The eccentric centre will then be 
90'' behind it, at h. Let h now be revolved 22J^ to k. Then 
hbk is the angular advance. Then when, in the revolution of 
the main shaft, k has come to the diameter, edy the crank pin 
will be at +67^'', that is 22p from the next dead point a 
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But when k comes to ed the valve will be at mid-stroke, and 
moving towards the shaft, and hence admission at n begins for 
the next stroke ; cut off at W takes place for the present stroke, 
the piston being at k\ found by making ^'A' = Bft = a A ; 
and exhaust closure and release occur simultaneously at i and 
f, respectively, at the same time with the other events. 



Thboeem xxvn. 

The effect of a given lap^ dUme^ corresponding to a certain 
n/umh&r 0/ degrees from tJie zero dia/meter^ w, to postpone adr 
mission for an equal number of degrees heyond the dead point ; 
to proSuce cut-off at the sa/me nv/mher of degrees hefore the 
dead point ; with release amd exhoMst closure at the dead point. 

This theorem is best established by considering the valve as at 
mid-travel, PI. XXIX., Fig. 4, where, to avoid confusing Fig. 
3, the cylinder and valve are considered as simply translated to 
the left, with the valve placed at midstroke, and lengthened by 
the lap, Z, at each end. When the valve is at mid-travel, and 
moving backward, its slotted yoke is on de^ Fig. 3, and the 
piston at A is ready for a stroke to the left. The piston rod, 
issuing, as before, at C, is supposed to be connected witli its 
yoke de by links from a long cross head, and passing along 
each side of the engine. 

llemembering that the valve and its yoke move in opposite 
directions, with a rocker arm, I must be laid off to the right of 
dd, on fta, to give the yoke position, 7wm,\ corresponding to the 
beginning of admission, at j:>, when the crank-pin will be at N, 
80 that Wym shall be 90"". 

Thus N 18 as many degrees beyond a, as m is beyond de. The 
angle rnhd is called the lap angle. 

Again, cut-off, on the stroke from to A, evidently took place 
at^', when^' was just closed by the valve, moving to the left 
Then mm' was as far to the left of de^ and N as far above a, 
as the same points now are beyond de and a, in the direction 
of rotation, S. Exhaust closure occurred at mid-stroke of the 
valve, and, there being no angular advance, this would be at the 
dead point of the piston. Belease, also, only begins when the 
valve has reached mid-stroke, which is at the end of the piston 
stroke, that is at a dead point. 



Digitized by VjOOQ IC 



MACHINB OONBTBUCnON AOT) DRAWING. 26ft 

Itisthns e\ ident that no very serious evil results from la^; 
alone except to postpone admission beyond the moment of l)e> 
ginning a stroke. 

To avoid this effect, angular advance and lap must be com- 
bined, observing that, separately, they have opposite effects 
upon the time of beginning admission. Let us next examina 
their joint effect, as illustrated in a problem. 



Peoblbm XXV. 

To produce a out-^ff at a given crarih-pm posUionj wU/iout 
preventinff prcfper admieeiony etc. 

Let it be required, PI. XXIX., Fig. 6, to cut off at a crank- 
pin position of 50° ; where aCy the stroke diameter, = AO the 
stroke, where dg is the yoke, and G the piston position at cut- 
off, Qff being = BB' =Aa. 

i3'A, perpendicular to the crank arm, B'dy will be the position 
of the eccentric arm, for the radical valve having neitlier angu- 
lar advance nor lap. The port,^', is therefore open by the 
space A'i' =AJ, and, as the two last theorems show, it cannot 
be closed at the present piston position, by angular advance 
alone, or lap alone, without displacement of the other main 
events of the stroke. Kow, if we advance the excentric arm 
B'A to B'^, 20°, or half way to the mid-stroke position, the 
opening A'J' will be partially closed by the amount AV=Atf, and, 
with die same valve, admission, by Theor. XXVI., would occur 
20° too soon. If, then we complete the closure by a lap, JV = 
bcy corresponding to the lap angle nWk of 20°, the cut-off will 
be effected at the desired point ; and admission, which would 
be 20° too late, by Theor. XXVII., with lap alone, is hastened 
by the equal contrary effect of the angular advance. 

Hence to produce cut-off at a given crcmhpin poeitiany set 
the pin at that position, give an angular advance to the excen- 
tric equal to one-half the difference ad between the Crank-pin 
position and 90°, and add to the outer edges of the valve a 
lap = to the perpendicular distance from the new excentric 
position to the mid-stroke diameter, Wn. 
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Pboblkbc XXVL 



To determme the eschaust cloawre and rdeasey for the ad' 
justed cat-off amd admission. 

As the addition of lap^ that is outside lap, to the valve does 
not at all aflfect the positions of the inner edges of the valve, 
relative either to each other or to the edges of the ports, we have 
only to consider the efiEect of angular advance, alone, upon the 
times of exhaust closure and the opening for release, just as in 
the case of a valve without lap. 

But, by Theor. XXVL, the effect of a given number of de- 
grees of angular advance is, to fix the occurrence of all the main 
events of the stroke at an equal number of degrees before reach- 
ing a dead point. Hence, for a valve giving a certain point of 
cut-ofE, the exhaust closure at^, Fig. 3, and the opening for re- 
lease eLtj>\ which are simultaneous, take place at a crank position 
as far from a (90°) as there are degrees of angular advance. 



Theoebm XXVIIL 

The travel of a val/oe with lap is the sum oftfmce the lap 
added to twice the steamfirport opening. 

To establish this clearly, refer to PL XXIX., Fig. 4, where 
the valve is at mid-stroke. The total travel evidently consists 
of the sum of the distances traversed to the right and tiie left of 
the mid-position. 

First, then, at the port,^', the valve must first travel to the 
tight, by a space = 2, the lap, before the port will begin to be 
opened, and then further in the same direction until the port j^^ 
is opened to the extent required. 

Second, the like successive movements must take place from 
the mid-position to the extreme left in order to first begin, and 
then (5ontinue the opening of the port^, equally with j?'. 

The entire movements from mid-stroke are thus equal; each 
is thus the semi-travel, and their sum is the tran)el of the 
valve ; which is sensibly equal (208) to the throw of the eocen* 
t^*iOy that is to the diameter of the circle described by the oen* 
tre of the eccentric. 



Digitized by V3OOQ IC 



XAOHINE OONSTBUCnON Ain> DBAWIKO. 271 



Theobem XXIX 

Itmde lap prolongs the eaypanaion and hastens com^ession , 
while inside dea/rance hastens the release and postpones ih^ 
hegmning of compression. 

In PL XXDC, Fig. 6, the valve 5'KRF, whose interior length 
is H, has neither inside lap or clearance, H being eqnal to oo\ 
If the piston, G, be moving in the direction of arrow P, the 
valve will be moving as at P', the crank pin and eccentric cen- 
tres being at d and hy and cnt-off is just occurring at h\ and 
expansion beginning. If, then, the length of the interior open- 
ing were less than H, in which case there would be inside lap^ 
it is clear that the port, j?, would b6 closed sooner than it will 
be now, which would cause compressiony hefore the piston, that 
is between G- and A, as the piston is now moving, to begin sooner 
than it now will. 

At the same time,jp' would evidently be opened later than it 
will be now, which will prolong the time of eo^pa/nsiony and 
postpone the releasSy which takes place behind the piston. 

On the other hand, if H were greater than it it now is, there 
would be inside clearance^ and jp would evidently be closed later 
than it will be now ; and the compression would be postponed 
and shortened. At the same time, p' would be opened sooner 
than it will be now, and thereby expansion would be abridged 
and rdease hastened. 

To repeat, and sununarily : When there is neither inside lap 
nor clearance, the opening of one port and the closing of the 
opposite one by the irmer edges of the valve, are simultaneous 
and dependent on the angvlar advo/nce alone (Theor. XXVI.). 
Inside lap hastens the closure of the port before the piston, and 
thereby hastens compression; and retards the opening of the 
port behimd the piston, and ih&tehj prolongs expam^sion hjpost- 
poning the release. 

Inside dec^ance has just the opposite effects. 

Continuing the summary, but relative to the outer valve edges 
for convenience of reference, we have, from Theor. XXVII., 

Outside lap postpones admission and hastens cut-off'^; but 
has, of itself, no effect on exhaust closure or release. 

Angtdar advance hastens admission, cut-offy exhaust closure^ 
and release. 
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Outside dearcmcey if ever there were such a thing, would 
have just the opposite effect from outside lap. Thus, if the 
extreme length of the valve, V, PI. XXIX., Fig. 1, were less 
thau the sum of the bridges and the three ports, both ports 
would be partly open at once at mid-stroke ; steam would have 
access to both sides of tlie piston at once, and cut-off of the 
stroke from n/ to P would not take place till P had proceeded 
some distance from P to n' on the next stroke. • 



Pboblem xxvn. 

To determine the effect of the eccentric v{pon the valve motion^ 
aiid to counteract ity inpa/rt. 

To illustrate the nature of this effect, it will be sufficient to 
refer to PL XXIX., Fig. 1. 

When the piston is at P, if the valve, V, is at mid-stroke, a& 
it should be, the eccentii'c centre will be in a position analogous 
to D, found by taking ^ as a centre, when de is vertical, and 
(2M as a radius, and describing an arc which will cut the circle 
made by the eccentric centre, in the corresponding position of 
that centre ; above QQ', for the motion represented by the 
arrows. The motion of the eccentric and valve is thus, though 
on a smaller scale, a counterpart of that of the piston and crank ; 
but the irregularity is relatively smaller, owing to the much 
greater length of the eccentric rod as compared with the 
eccentric arm, than is found in the ratio of the connecting rod 
to the crank. 

Also, through the intervention of the rockery the smaller seg- 
ment of the double stroke of the valve is \t& forward one. That 
is, the conunon base, analogous to G'K^, of the two segments is 
to the right of GJ. 

To keep the vahe at mid-stroke, as at V, Fig. 1, while the 
eccentric centre is 90° back of the crank pin, as on UW, we 
have only to lengthen the eccentric rod. It will then follow that 
the shorter segment of the double stroke of the valve will be to 
the right of GJ, and therefore the width of port opening at j?' 
will slightly exceed that at p. That is, the port p may not be 
fully opened, or the port p' may be o^ erpassed, or more than 
opened. 
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Distribution of Power. 

As the motion of the crank pin is uniform, while the 
average load carried by the engine is supposed to be uniform 
also, the power applied, while the crank pin is traversing tlie 
semicircle UQW, should be equal to that applied to it on the 
semicircle WQ'IJ. A perfect engine therefore would seem t3 
be one in which \kQj[>ower exerted in the sub-cylinder, K'G'P. 
while the piston should pass from K'G' to P and back, should 
equal that expended in the smaller sub-cylinder, K'G'n. 

Whether this could be practicably and advantageously accom- 
plished by making the valve faces and steam ports unsymmetri- 
cal with GJ, so as to cut ofiE nearer to n\ on the stroke n'V^ than 
to P, on Pn', is a question which may be left to mechanical en- 
gineers and designers, and to the larger treatises on valve motions. 

The limits of this volume only permit the question to be 
raised, whether, as just implied, it would be possible to make 
the work in K^GT, that is the average pressure on the piston 
when passing from ^ to P and back, multiplied by the distance 
2jP, equal to the work in K'GV = the average pressure when 
going from qtortf and back x 2 gTi'. 

Just this may be noticed : With a constant effort applied to 
to the crank pin tangentially to its circle, a less total efiEort 
will be required on the arc DQF, and hence a less average 
pressure on the piston, from GK to P and back, than from GK 
to n' and back ; and as the eccentric motion makes the cut-off 
occur later on the stroke from P to n\ ovdng to the greater irre- 
gularity of the piston motion, Theor. XXV., this diminished 
pressure can be obtained by the earlier cut-off on the stroke 
from n' to P. 

Lead. 

217. Owing to wear of the bearings of the crank, and the 
cross head pins, and the necessity in some cases of a minute 
play of these pins in their bearings, to avoid too much stiffness 
and binding, the sum of QO and OP, PI. XXIX., Fig. 1, is not 
precisely constant, in actual mechanism. During the stroke 
from the shaft, that is from n to m, Q and o are at their 
greatest distance apart, being pulled apart by the steam, acting 
on the left side of P. During the opposite stroke, Q and o are 
pushed together. The change takes place at the ends of a 
18 
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stroke, and if not made graduallj, by slowly overcoming the 
momentum of the moving parts, iJie result is an injurious, and, 
to the ear, disagreeable " thumping," or " pounding," upon the 
centres. Now oomjpression tends to overcome this momentum, 
but if employed to the very extremity of the stroke, or a hair 
beyond, it injures the achniasion for the succeeding stroke. 
Instead, therefore, of relying only on the compression of the 
confined steam of the previous stroke, it is better to also admit 
the ^^ Iwe steam " for the next stroke, an instant before the 
beginning of that stroke. The opening of the port at the point 
of beginning a stroke is called the lead of the valve. The cor- 
responding distance of the crank pin from a dead pointy is called 
the lead angle (212). The lead angle may vary from 0** to 8^ 

Peoblem xxvnx 

To jprovide a certain lead wngle vnthout dietv/rba/ace of the 

oui-off. 

By Theor. Xx VI., am^guUut advance hastens both admission 
and cut off. 

Outside lap retards adirvission and hastens out cff. Hence 
a reduction of it hastens admission, and retards cut off. 

If, then, we increase the ovular advance of the valve, say 
3°, from *, PI. XXIX ; Fig. 6, the valve will begin to open the 
port, jp, 8^ before the crank pin reaches the + 90^ point, and 
the cut off will also occur 3^ sooner than now, or at 47^ 

But if we also reduce the lap by an amount corresponding 
to 3*" from *, the cutK)ff point will retreat 3*", from 47^ to 50^ 
again, and the admission will be further hastened from 3^ to 
6° in all. That is, admission will begin when the crank pin is 
6*" from the + 90*" point. 

Hence to produce a given lead angle, as required, increase 
the angular advance by half that angle, and reduce the lap by 
the other half. 

Pbobleic XXIX. 

7'p determine the effect of lead on eahatcst closure, release^ 

andtravd. 

Since, by Prob. Xx VI., exhaust closure and release,when there 
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is neither inside lap nor clearance, depend only on augalar ad- 
vance, which hastens both, the increase of this advance b^ 3^ 
hastens the both of the events named by the same amount. 

The total angalar advance being now 23^, the exhaust closure 
and release will take place at the + 67^ position of the crank 
pin, instead of at the + 70° position as before. 

Finally, as the semi-travel equals the sum of the port open- 
ing and the lap, the reduction of the lap, made to procure lead 
without altering the cut off, has rechced the total travel by ttoioe 
this reduction of lap. 



Thbobeh ^inr. 

T%e Angvla/r Advanoey estimated from the aero radius 
hitherto takeriy is equal to the sum of the lap and lead anglesy 
estimated Jrom the same point. 

See PL XXIX., Fig. 6, giving an enlarged view of the quad- 
rant n WHL of figure 5. B'M is the semi-trwod. Here, when 
the angular advance is increased from hk (= hrC) to Ar, by 
half the lead angle, the new lap = the space L. 

Now, reckoning from n, we have ns = Ar, by making Jcs = 
^, as i|br is at once the increase of the angular advance, and 
the decrease of the lap angle, n "3% by hi^ the lead angle. 
Thus ns = the angular advance, = the angular measure of the 
sum of the lap L, and the lead 2, also estimated from B'n. 



Thbobbbc XXXL 

When the steam port is open ly the amount of the leady 
the apposite port is open for eoohanMt hy the amowrvt of the lap 
amd lead. 

See PL XXIX., Fig. 4, where the valve is at mid-stroke, and 
suppled to be moving left Before the steam port p^ for the 
time, can open at aUy the lap I must be overcome, and then the 
exhaust port jp' will be open to an equal extent 

Again, when the steam port p is opened to a certain amount 
of lead, the exhaust port,jp', will be evidently opened further, 
by the same amount, which makes its total opening as enunci* 
ated. 
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Fort Openmg. 

218. In many engines, the Bteam porta are alternately ufled 
for the admifi£don and the exhaust of steam. Yarious considera- 
tions bear npon their proportions. 

JFtrst. Steam, during admission, maintains a nearly uniform 
pressure, while during the exhaust a single cylinder full of steam 
forces itself into the atmosphere by its own elasticity, and with 
diminishing velocity as its tension decreases by expansion. Hence 
when separate ports are used both for admission and exhaust, 
the latter should be the larger, and when one port serves both 
purposes, it should be adjusted, as to size, so as to secure a free 
exhaust. 

Second. The speed of the piston evidently afFects the areas 
of the steam and exhaust ports, both in relation to each other, 
and to the piston area. When the piston speed is great, so that 
the piston follows up the escaping steam so rapidly as to partly 
push it out of the cylinder, the average tension of the escaping 
steam will differ less from that of the incoming steam, than in 
case of slow piston speed ; and the steam and exhaust ports may 
be more nearly equal. Thus, it is stated, that for piston speeds 
not greater than 200 ft. per minute, the area of the exhaust 
may well be 0.04 of that of the piston, and that of the steam 
port 0.02i of the same; while for a piston speed of 600 ft per 
minute, the exhaust port area should be 0.10 of that of the 
piston and that of steam port 0.08 of the same. Li the lattei 
case both ports are larger, and also more nearly equal. 

Third, When, as in most cases, one port serves for botli 
admission and exhaust, the size and travel of the valve, and the 
positions of the ports, should be so adjusted, that the valve will 
open the ports Jhdly for exhcmsty and partially, to the due pro- 
portionate extent, for admission. 

This, of course, cannot be done with a valve having no lap, 
as in PI. XXIX., Fig. 1, since, as is evident by inspection, a full 
opening of j>\ for instance, for exhaust involves a simultaneous 
full opening of p for admission. But, see PI. XXIX., Fig. 4, 
when the valve has moved to the left till j?', for instance, is 
fully open for exhaust, the opening at p will be less than the 
width of tlie port by the lap, I. If this opening be too little, 
move the valve still furdier to the left by a greater throw of iJie 
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eccentric, till the required opening at jp is obtained, and con- 
trariwise, for due steam opening at^'. 

Fourth. Having thus the proper travel, see Theor. XXVIIL, 
the eccentric can be set, with a throw just equal to this travel* 
The action of the valve, by which the port jp' is more than 
opened, for exhaust, in order to secure due steam opening, as at 
JP, is advantageous, since it keeps p' wide open for exhaust for 
more than a bare instant 

Fifth. While a port, which is large enough to afford a free 
exhaust, need not be fully opened for the admission of steam, 
still it will do no harm to have it so opened, and may yield 
some advantages, especially if the port be very long and 
narrow. 

When the travel of the valve is quite short, the valve vrill 
move more slowly, and the ports will be opened somewhat 
slowly, and the steam will enter with some difficulty through 
the very narrow opening which it first meets. This obstruction 
is called wire-draioing the steam. It may be avoided by in- 
creasing the travel and hence the speed of the valve, so that 
the ports will be rapidly opened. Also by making die outer 
edges of tlie valve quarter round instead of square, as at ky 
Fig. 4. 

Increase of valve travel, so as to give a port opening greater 
than the width of the steam port, gives the further advantage 
of quickly bringing the ports wide open, and of keeping them 
so during that part of the travel by which the port opening 
exceeds tlie width of the steam port. This excess may seem a 
contradiction in terms, but the port opening simply means the 
distance which tlie outer edge of the valve, as fy PI. XXIX., 
Fig. 5, moves from the outer edge, as Jcf^ of the port to its ex- 
treme position, which may be to some point as f beyond the 
inner edge e>, of the port Thus Jcfo being the port, kff would 
be the port opening. 

Sixth. Exhaust port opening. Whenever an inner edge, as 
my Fig. 6, of the valve, being at midH3troke at o^ moves inwards 
towards the centre line BO, a greater distance than the width of 
the bridge r, it partly closes the exhaust port £. Now, to secure 
a proper exhaust, the remaining unclosed portion of the port, E, 
must be at least equal to the steam port But the total move- 
ment of m, from o to the left, is the semi-travel, and thus would 
bring m to m', whe:i /travels to y, m'f being simply the ex- 
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treme left poeitdou of mf. We thns have the expression for 
the width of the exhaust port, 

E = om/ +iTi/ii — T, 
= om/+ok^—r. 
that is, E = the semi-trayel + the steam port -- 
the bridge. 



IduMBfc Okmmi 
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Summary of .Elements. 

219. The main particulars hitherto presented can be conveni- 
ently impressed upon the memory by a diagram, the construc- 
tion of which is suflSciently illustrated by Fig. 106, where OB 
represents the crank position, and AC = OB, the semi valve- 
i/ra/od. OA represents the corresponding position of the eccen- 
tric arm of a valve ydthout lap or angular advance. It is there- 
fore the line from which (see Tcn^ PL XXIX., Fig. 6) the lap 
angle is to be estimated. 

NoWf^/'sty suppose an angular advance of 20^ and a lap-angle 
also of 20® from OA (Prob. XXV.) giving ae for the lap and 
ed for tiiBjport opening (Th. XXVTIL), and cut-off at 50 
exhaust closure at 70^ 



^and 
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Then, second^ let the angular advance be increased to 22^°, 
and the lap angle reduced to 17i^ (Prob. XXVIIL), and we 
shall have — ab = lap. 

he = lead. 
Id = port opening. 
ad = semi-travel, 
exhaust closure at 67^^, and 
cut-off at 50**. 

Or, if the port opening = ^, as before, the total travel will 
be reduced by twice the reduction of the lap. Notice that he is 
not reckoned for the 6° from OA, since, in fact, the angular ad- 
vance is made first from A to ^, PI. XXIX., Figs. 5, 6, to leave the 
jprvmiti/ve lap angle hWn^ and then increased to give the semi- 
lead angle, between the full and dotted lines JcB\ and to reduce 
the lap (Prob. XXVIIL). By inside clearance = he (Th. 
XXIX.) the point of exhaust closure may be restored to 70^ 

Upon this diagram, it is only necessary to remark : 

1«^.-Similar illustrations may be made, beginning with any 
other angular advance and lap angles, taken at first equal to 
each other. 

2e^.-naving found the lap, port opening, and lead, for any 
travel, the same can be found for any other travel, by the sim- 
ple principle that they are all proportional to the travel. For 
if Fig. 106 were reduced, till AO were any given part of what 
it now is, all parts of the figure would be reduced in the same 
proportion. 

220. The matter already presented enables us to determine 
various interesting particulars. The piston position for any 
given cramJc pin position can easily be found, as abeady 
shown. The angular advance and lap angles for given Ucid 
and cut-qff being given ; the travel, and the eccentrio position 
for any crarik-pvn position can readily be found, and the vaihe 
position for any given eocentrio position can then be deter- 
mined, so that finally the valve position due to any piston posi- 
tion can easily be constructed. 

Indeed, tlie student cannot now better exercise himself on 
this subject, than by constructing, very accurately, and on a 
large scale, from given data, taken from actual practice, a %- 
ure similar to PI. XXIX., Fig. 6, but with the piston positions 
for all the crank positions, 10^ apart, and for those at 5^ apart, 
near the dead points ; with the corresponding valve position! 
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ranged in a vertical column, and all referred to the same ^'erti- 
cal centre line, or plane, BO. 

Another moBt nseful way of becoming familiar with the 
relations of the valve edges and ports in all positions, is to 
make a large section, like any of the sections of the valve and 
its seat on PL XXIX., to scale from measurements (see Fig. 
n). Then cut the iSgure apart on the line as fg, Fig. 1, of the 
valve face, and move the valve back and forth, through equal 
small intervals, which will clearly show its relations to its 
ports. 

Problem XXX. 

To Reverse the Motion of am, Engine. 

The Drop Hook Motion, 

Eeferring once more to PL XXIX., Fig. 5, with crank-pin 
at rf, moving as at arrow (1), and the eccentric centre at h^ 
moving the valve (rapidly) to the left ; let a second eccentric 
be placed at ^", where Td't = Jd, Let the rod of eccentric k 
be disconnected from the rocker Wb'\ and let the equal rod 
from k" be put into connection with H'J". To do so, H' will 
be moved to «, where B"* = 8"^', and the rocker will appear 
at %8\ Then lay off from %' the distance h"% and it will give 
i', the new position of the valve centre (shown on 8T carried 
vertically upward to Fig. n to avoid further confusion of the 
lower figure). . All the edges J7, F, etc., of the valve, J'KE(H) 
F, and its ports, are projected on J'F, Fig. (n). 

Then, finally, lay off on each side of i', half of the exterior 
length J'F, and interior length, H, of the valve, and we shall 
have its position, J"H'F', when in connection with the eccen- 
tric at kl\ 

Before^ d was moving as at arrow (1), the piston G was 
moving to the right, by the expansion of tlie steam behind (to 
the left of) it, the exhaust was open by the amount ov^ and the 
engine was ^pvcL^forwwrd. 

Now^ the port p is open by the space F'^, the port p^ is 
wide open for exhaust, G is therefore moving to the left, the 
crank-pin d is moving as at (2), and the engine is going hach- 
ward. 
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Whence we conclude that, to revei'se an engine, the eccentiic 
muBt be adjustable upon the shaft, as from h\joK' ; or there 
must be two eccentrics, as at ^ and if\ each of which, sepa> 
rately, may be put into communication with the rocker. 



-g^ I >< I 




The latter method is now in general use. 

Formerly the eccentrics were separately put in gear with tiie 
rocker by the old drop-hook motion still seen only on a few old 
engines, though generally used in this country before 1850, and 
often previous to 1860. Space forbids more than the i-ude 
illustration of it in Fig. 107, the study of which will greatly add 
to the student's appreciation of the ^^handiness" of the linls 
motion, to be afterwards briefly explained. 
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The right-hand view is as it would appear in an end view of 
the engine, and the other is as appears on a front elevation of 
the engine. 

a — a' a" is the rocker shaft in two parts, one on each side of 
the engine. E,Il' — R'" the lower, and Q,Q' the upper rocker 
arm. FH is the forward eccentric rod, or rod for forward 
motion, proceeding from an eccentric on the driving shaft, and 
now behind the vertical diameter of the shaft, as B is drawn 
well bacL BH is the back eccentric hook, out of gear. Its 
eccentric, now, is in front of the vertical diameter of the driv- 
ing shaft. The crank pin is cibove the driving shaft ; the valve, 
see B and Q, is well forward ; steam is entering the rear steam 
port, that is the one nearest the shaft, and the piston and the 
engine are moyingforwa/rd. 

To reverse the engine, draw back the arm, FG, by a lever in 
the cab. This will revolve the sector, E,E', and thence give 
the small gear, DD', half a revolution on its shaft, Dd, also the 
same to the semi-circular cams, 0—0', and e—(/. This opera- 
tion allows BH, which rests, by its stiixup «, on the cam, {^, to 
fall by its own weight; and raises FH off the rocker pin,j?jp'. 
Then, by drawing back the arm, rr', by a lever in the cab, and 
through the rod Mn, the rockers are revolved to the position KA, 
where the hook. A, settles on to the pin, j>p'\ revolved to the 
position qp'\ 

The valve, being then in a position to admit steam to the 
right-hand end of the cylinder, while the crank is still above the 
shaft as before, the engine will go hackwa/rd from a state of 
rest, when before it would have ffm^ forward. 

The eccentric rods being side by side, the lower rocker, B, is 
double, as shown on the end view ; where, to avoid confusion, 
the end view of the eccentric rods is omitted. 

This was not a very rude contrivance, and was used on new 
first-class express passenger engines built as late as 1857. Still 
it had many inconveniences. The Tiooha (A) might bound off 
their pins, or, when raised, they might get jambed between the 
rockers, as B' and B'' and fail to fall into place promptly when 
the cam shaft was tumbled over. But worst of all was the 
delay when instant reversal was required. For, to prevent the 
rapid oscillation of the levers in the cab, for swinging over the 
rock-shafts in reversing, the rod, Mn, was lifted off the pin, n, by 
an arm, L, drawn to an upright position by a lever acting 
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through JJy unless the latter presented a ring to hand, at the 
oab. Then Ist^ Mn, must be settled on to its pin on the arm, r. 
2d. The cam shaft must be tmnbled. 8d. The rockers, B, 
must, by their motion, catch the hook intended for them. And, 
after idl, from a scientific point of view again, there was 
no cut-o£P, at least no variable one. Engines in those days gen- 
erally had little or no lap to their yalves, so that the Eccentrics 
were essentially at right angles to the crank, and so that there 
was no cut-oflF, or but very little. 

Cut-offs, then, were separate valves, in separate two-ported 
steam (valve) diests, directly over the main valve chest, and 
were generaUy invariable cut-offs at that. This required one or 
two more levers, while the link motion, with but one lever, is a 
variable cut-off. 



Example TJIT^ 
A StephefMon Link Motion. 

Deacriptum. — ^This motion is so called from the engineer 
who first brought it into use. It was invented by a Mr. Howe, 
an Englishman. 

There are various other English and continental link-motions. 
The Gooch, or stationary link, except as to its oscillation by the 
eccentrics, and in which the link block rises and falls to reverse 
an engine. The Allan, or straight link, and others. 

PI. IX., Fig. 8, is merely a sketch and measurements from 
a link-motion model, not showing the valve, rocker, and eccen- 
trics in their true relative position, but which may quite as 
well, for that, illustrate the opeitttions of drawing such a model 
and adjusting it. L is the link, and to catch the main idea of 
its operation it is only necessary to conceive the forward and 
back eccentric rods in the last example to be attached to it 
as at ^ and h. The link block pin, i, is held by the lower 
end of the rocker arm, E. Then, by letting down the link, by 
the hand-lever, C, working on the orcA, A, till the mean posi- 
tions of f and I are about on O^, the forward eccentric, alone, 
will actuate the valve. But if tlxe link be raised, till h and I 
are in like manner together, the back eccentric, only, operates the 
valve, essentially as in the drop-hook motion, only that but one 
motion of one lever is required to raise or lower the links on 
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both sides of the engine. When it is set so that I is at Taiioiifl 
points between h and^, I will have the resultant motion due to 
the joint action of both eccentrics. The eflFect will be to reduce 
the travel, and hence, obviously, to vary the cuiroff^ by the 
quicker shutting again of a steam port after it begins to open. 

Thus the link motion is a variable cut-o£P. 

Construction. — There are so many parts and points to a link- 
motion, that, in practice, it is usual to fix some of the latter, 
with reference to convenience or practicability, as governed by 
surrounding parts of the engine. 

Thus, taking O, the centre of the crank shaft, as an origin, 
or fixed point of reference, and Od as the horizontal centre line, 
containing the axis of the cylinder, fix T, the centre of the 
^^tumblmg ahaft^^ by the co-ordinates 25^ and O^^^hs, in 
this example. Also, S, the centre of the rocker shaft, by the 
coK)rdinate8 34" and 4". 

The fixed dimensions of the link in this case, are the radius 
of its central arc, the "link-arc," 34'', the distance between the 
eccentric rod pins ^\'\ tlieir distance back of the link-arc 1 J,'' 
and the length of the saddle 4J''. The radvus of the Unk arc 
must = the eccentric rod, F/, 4- the li'' jnst mentioned, to avoid 
shifting the centre of the travel, in different " gears." 

Let the tTaA)eL of the valve be 2i". For this purpose, if the 
rocker arms are equals as in the figures, each = 4^^', the half 
throw of the eccentric, or radius of the eccentric centre, will be 
sensibly \\'\ or half the travel. 

When the forward gear eccentric rod, F'/^ is in action, it will 
be nearly, or exactly, on the centre motion line Od^ and when 
the valve V is at its extreme left. The point Z, the link-block 
pvriy which is held by the lower end of the rocking arm R, 
must then be at its extreme right or 34''+li"=35J''from O. 
Hence the length of the eccentric rody as F/^ from the eccentric 
centre to/, must be 85J-(lf' +ir) = 32i''. 

The distance from the eccentric centre F, to the outer face of 
the collar *, Fig. m, of the eccentric strap being 4|", the length 
kfy of the eccentric rod proper will be 28J", or F to Z = 34''. 

These descriptions show the relation between the eccentric 
rods, and the rocker shaft S. That is, when the valve is at mid- 
stroke, the rocker arm is vertical, usually, and the link block 
pin, ly must then be at the same horizontal distance from O, that 
the point S is. The circle O — ^FB is that described by tibe centres 
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of tlie eccentrics, Bensibly of 1^'' radius, for a travel of 2i". 
The position of I can be fonnd for any assumed valve position. 

Let us, then, consider the .seVen leading positions of Y and I. 

First When the valve is at mid-stroke, the rocker arms will 
be vertical, and any motion, either way, of the valve, will open 
an exhavst passage, or give release to the steam. 

Smmd, If Y be drawn each way from mid-stroke by the 
amount of the Zap, the valve will be at the points where cut off 
takes place, and I will be at positions, which we will call Vl\^ 
Fig. (y\ at the same distance on the opposite sides of its mid- 
position, when the rocker is verticaL 

Third. If Y be^^^r^A^ drawn each way from its mid-position, 
by the amount of lead proposed, I will have a pair of positions 
i"/'i5 at the same additional distance each way from its mid- 
position. That is the horizontal distance from I to F'=lap-{' 
lead. 

Now the last pair of positions of the valve are, of course, 
those which occur when the crank-pin is at the centre or dead 
poirUs. The lead must then be tiie same at one port, or the 
other, according as the crank pin is to go one way or the other. 
Hence the eccentric centre positions^ corresponding to Z'', and 
r\y will be as at B' and F', equidistant from D', the forward 
dead point of the crank pin. And 90°-F'OD'=90^— B'OD' 
will be the angular advance of the eccentrics. 

This gives both eccentrics, crank, and valve in one set of 
simultaneous positions. If the link be dropped into place for 
^^JhUl gear forward^'* that is, for forward motion of the engine, 
with the valve moving vnth full stroke, I will be at its position 
V\y Fig. {y\ and the required lead will be seen in the amount 
of opening of the port j?. 

FovHh. Let the valve finally be drawn to each of its extreme 
positions, and we shall then have the corresponding extreme 
positions V and V'\ of the link block pin I, 

To find one position of the link, 

221. By (Theor. XXX.) knovring the trm^dj or diameter of O — 
FB, the lapy and the lead^ F' and B^, the positions of the eccen- 
tric centres, when the crank pin is at D', can be found by making 
their perpendicular distance from DO = the ^jp + the lead, as 
just now indicated. 
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Then, from F' and B^ as centres, with radiiiB equal to the 
length to f and J, 32J'', in this case, describe arcs, which will 
contain the points y^and b, as the link rises and falls. 

When F' and B' are the eccentric centres, the points y^ and 4 
will have one pair of positions at a perpendicular distance from 
Odj on each side of it, equal to half j^J or 2^'\ Then draw lines 
parallel to Ody at this distance from it, and note where they 
intersect the arcs before drawn from F' and B' as centres. An 
arc, through the positions of J^ and J, thus found, with 32^'' 
radius, will have its centre, Q, (not shown) on Od, and an arc of 
34'' radius, and Q as a centime, will be one position of the link 
arc. 

Data for Jmdmg any position of the Imk. 

. 222. \%t. F and B are always on the circle FBF', and at a 
chord distance apart = F'B', as previously found. 

^d. ^and 2» are at a constant distance apart. 

3^. Yf and B5 are of constant length, for any one arrange- 
ment of the model. 

4^A. By the saddle-pin, forms with f and h a knovm triangle, 
f%by where y5? may be less than 5«, to reduce the Blip of the block 
in the link, the path of h being more nearly parallel to that of I. 

5th. T being a rigid joint, and t a flexible one, the different 
positions of s will all be on an arc with ^ as a centre, and 
radius tSj in this case of 7''. 

6th. The centre from which the link arc is described is 
always on a perpendicular to fb, at its middle point 

With these data, the student is left to construct various posi- 
tions of the link, either by intersections of lines, or by a slip of 
stiff paper or thin wood, cut to fit the curve of the link arc, and . 
on which the points y^, b and 8 are fixed. 

For any position of the link, I is always the intersection of the 
link arc, with the arc described by I from S as a centre, with 
the rocker arm, B, as a radius, 4^'', in this example. 

When the valve rod is attached directly to Z, slip is avoided, 
as Zeuner shows, by making ta and fly each, half of a parallelo- 
gram, turning on two opposite centres of which T is one, while 
die side ts carries a slotted guide in which e moves horizontally 
in all gears, and thus without vertical motion of the link. 



Digitized by V3OOQ IC 



SCAOHINE OONBTBUOnON ABB DBAWI1I70. 287 

To ac^uat the Model. 

228. The several adjustable arms and rods are telescopic, and 
fitted with clamps to adjust their length. 

First To ac^vst the Trwod, Set the fixed measurements as 
given, to locate T and S, and fix the lengths, P/, and B&, and 
make al = \;\ Drop the link into ihBfullrgecur-forwa/rd position, 
and make the half -throw of each eccentric = half the proposed 
travel, and set both eccentrics as nearly as possible to their in* 
tended positions, as F' and B' for the crank at D', according to 
the lap and lead required. Turn the crank till the vertical 
centre line of the valve coincides with VH, that of the 
cylinder. Then turn the crank carefully and measure the dis- 
tances of the extreme positions of the valve centre from VH. 
If their sum varies from the travel (2^'') alter the half -throw of 
the eccentric by half the error till the required amount of travel 
is secured. ^ Then if these distances are unequal, alter the length 
of the valve stem, db, till they become equal. Thus, if the 
valve move further to the right of VH than to the left, we 
should lengthen the valve stem by half the diference. 

The amotmt and equaUsation of the travel for one eccentric 
are now accomplished, but without regard to the relative posi* 
tion of the valve and piston. That will next be attended to. 

Second, To give a certain lead to the valve. This is accom- 
plished by the a/ngtdar movement, only, of the eccentric. Then 
clamp the crank at OD', unclamp the eccentric, F, and rotate it 
on its shaft till the port j> is open the desired amount, -j^''. 
Then clamp it. Then, if the crank be clamped at OD'^, the lead 
at^' will be the same, and for a single eccentric the adjust- 
ment will be complete. 

Thvrd. To adjust the hackwa/rd gea/t^ BJ, eto. 

\8t. Test the amount of travel, and perfect the throw of the 
eccentric, B. 

2rf, Test the equaUity of travel each way from VH, and if 
unequal, equalize it by a slight adjustment of the length of B^>, 
since to alter the valve stem would disturb the equalized travel 
of the forward gear. 

Zd. Clamp the crank at OD^, and rotate the back eccentric 
till a lead of -^'^ appears at ^, and clamp it, when, if the crank 
be revolved to OD", the same lead should appear at j>'. 

Fourth. To readjust tJie full gea/r forward. The adjustment of 
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the gear backward will BODietimes a little disturb that of the for 
ward gear. If so, re-equalize the travel by a slight adjustment 
of the length of F/! Then reset the lead by a small angular 
movement of the eccentric, the crank being at OD' or OD". 

Rema/rka. — ^The foregoing operations are easy, yet may be- 
come tiresome by overlooking some little practical points. Clamp 
each fixed part tightly. The rocker arms should be vertical at 
mid-stroke of the valve. See that the eccentric rods are of the 
proper length and do not slip. Let the points y^and I be about 
in a horizontal line in the extreme forward position of the eccen- 
tric. If the crank overpasses a dead point where it should stop, 
do not hack it up to the point, but go back some distance and 
then come forward to the point This is to " take up the lost 
motion," or play between parts at all the joints. 

224. "When ^b model is finally adjusted, the valve can be set 
by turning the crank at the points — of beginning to open a steam 
port ; cutting off ; exhaust closure, or begiiming of compression ; 
and of release, or end of expansion, and the corresponding piston 
positions can be noted on die scale H for — ^Full gear forward ; 
full gear backward, and any intermediate gear. 

The model being adjustable in all parts, other travels may be 
taken. The following are specimen results : Lap = ^'\ 

1^— Full Gear Forward. Travel = If. 

Lead = -jV^' ^* ^^^ ®^^ 

Front port opening, j? = f^". Back port opening,^' = ^. 

Cut off at = 17.4'' (half inches) forward sti-oke, 

" " " = 16.7 " '' backward " 

2^— Partial Gear Forward. Travel, li". 
Front. Back. 

Lead A" A" 

Chjtoff 6.1 (half ins.) 6.4 (half iM.) 

Opening A A 

3°— Full Gear Forward. Ti-avel, 2J". 
Front Back. 

Lead tV iV 

Out off at 19 (half ins.) 18.75 (lialf in«.) 

Opening full. full. 



Digitized by V3OOQ IC 



ICACHINB OONSTBUOnON AIO) DRAWIKG. 280 

4^— Fall Gear Backward. 

Float Bade 

I^d Vr tV 

Cut off 19| (half ina.) 19 (half ins.) 

Opening full. full. 

Again, in a little different form, and more fully. 

5°— Travel If ^ Stroke 12"=24 half ins. 



FnU Gear Forward. 


Full Gear Backward. 


Front End. 


Back End. 


Front End. 


BaokEnd. 


Lead ^V'' 

Opening -W" 

Cut-off m i^ ins. . . 18.2 


C 


R9 


1; 



6"— Travel 2i", Stroke 12"=24 half ins. 



FoU Gear Forward. 


Foil Gmt Baokwud. 


Forward Stroke. 


Badcwaxd 
Stroke. 


Forward 
StEoke. 


Bsokwatd 
Steoke. 


w ^ 

Openmg........ X 

Cutoff ) i (19. 

Compression f ins. | 22.4 


S.2 
22.5 


4- 

19.85 
22.6 


6.45 
22.6 



7"*— Partial or Mixed Qefcr. Travel reduced to 1^^''- 



Forward Motion or Gear. 


Backward Motion or Gear. 


Forward Stroke or End. 


Backward 
Stroke or End, 


Stroke or End. 


Backward 
Stroke or End 


Lead r 

Opening i" 

Cutoff.....) i (12.'' 
Compression ) ins. ( 19.3 


19.6 


19.25 


19.6 



19 
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^ Throw " is <li£Ferentlj defined as the radhuy or the dia/m^r 
(208) of the circle made by the eccentric centre. Either way 
has its convenience. The question, ^^ how far will the eccentric 
throw anything," gives the answer ihrow -= the dtameter named* 

With this summary account, the reader is referred to the 
works of Auchincloss, Zeuner, Oolbum, and others, in which this 
and other link motions are more fully treated than is possible 
or necessary here. 

By now putting together the eccentric, with its straps and 
rods, Ex. XXIX. ; the link, Ex. XXVIII. ; the cylinder, Ex. 
X. ; and valve, Ex. XLU. ; with the valve stem and rockers, 
the student can draw a valve motion, from which he can learn 
much. The following may afford further data for practice in 
drawing, while the tables annexed are interesting as experi- 
mental determinations of the best relative positions of points of 
the link for making the main events of eadi stroke alike. 



Data of Valve Motions. 

L — Valve Motion of a 16" x 22" Oylmder Passenger JEngine : 
AiUmtio and Gt. Western R. H. 

Length of connecting rod = 6'-10J" 

Centre of shaft to centre of rocker. = 6 - 91" 

" line of engine to centre of rocker, vertically= 5 J" 

" line of link to centre of eccentric rod pin = 3t " 

** of tumbling shaft, from centre of driving axle, 

horizontally = 4 - H" 

" of tumbling shaft, above centre line of engine= lOf " 

Radius of link, centre arc = 6'- 8i" 

Length of suspending link = 13^" 

Distance between centres of eccentric rod pins = llj" 

Saddle pin back of link arc = ^" 

Lower rocker arm out of centre, towards axle == I" 

Length of eccentric rod. = 6'- 61" 

Travel of valve . . . . = 4" Bocker arms, each . = 9f " 

Outsidelap = J" Bridges If'xlS" 

Inside lap = Exhaust port 2 " x 15' 

Steam ports 1 " x 15" Drivers, diameter. . = 5- 0'' 
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IL — Valve Motion of a 16" x 24" Oylmder Passengor Engine ; 
New York C. amd Svdson Rimer B. H. 

Lengih of connecting rod • 7 - SJ'' 

Centre of shaft to centre of rocker, horizontally. ... 6 - 8'' 

" " rock-fihaft above centre line of Oyl 6f" 

Eccentric rod pin back of centre arc of link SI*" 

Centre of tumbling shaft, from centre of main axle, 

horizontally 8'- 7f' 

Centre of tumbling shaft, below centre line of engine 1'- 8i" 

Eadius of Knk arc 6'- 8" 

Length of supporting link 1 - 2" 

Lower rocker pin out of centre towards axla -j^" 

Saddle pin back of link arc -^'^ 

Length of eccentric rods, centre of eccentric to centre 

of eccentric rod, = knuckle joint, pins 4'-llf" 

Eccentric rod pins, apart 18" Eocker arms, each . 9" 

Travel of valve.... 6" Bridges 1" 

Outside lap. f" Exhaust port 2J" x IH" 

Inside lap ^^r" Voxxr coupled dri- 

Steam ports li" x 14J" vers, Diam. ..... 6'- 



a/' 



m.— Valve Motion of an 18" x 22" CyWnd&r Freight Engine : 
Jf. Y. C, amd Hvdeon River B. R. 

Steamports If"xl6" Outsidelap. f 

Bridges li" Insidelap ^' 

Exhaust port 8"xl6" Eccentric, diam. .. . 14|" 

Valve travel 5" Length of rockers . . 9 

Hor. dist., centre of main axle to centre of rock-shaft . 55 

Centre of rock-shaft above centre line of engine SJ' 

Radius of link, centre arc 60" 

Saddle pin back of link arc i" 

Length of eccentric rods, as above (11.) 52' 

Eccentric rod pins, = knuckle joints, apart 18" 

« « back of link arc. 8i" 

Centre of eccentric to link arc 65 J" 

Hor. Dist. of lifting (tumbling) shaft from centre of 

driver 86^ 

Centre of lifting shaft below centre line of engine. . 14" 

Length of lifting arm 18" 

Six ompled drivers, Diam 4^- 9" 



// 
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DeUrminaUon of wO, adjusted [Vdloe MoHm for a in'x28^ 



Forward ICodon. 



Forward Stroke. 
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Inspection of this table shows that, as the link approaches its mid- 
gea/r position, lead increases ; portropenvng and travel diminish, and 
cut-off and compression occur sooner. The crank being at OD', or 
OD", lead occurs. The eccentrics will be at F' and B' and lead is 
greatest at mid-gear, because, see PL XXXIII., Fig. 4, shifting the 
link to mid-gear advances it a little, but withdraws it when the crank 
is at OD'', thus opening the ports more, at j? and j?', respectively. 
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^^ Settvng^^ the Yaboe Motion of a Loccmotime.^ 

225. The engineer in charge first locates his cylinders and 
steam chests, places the valves on their seats, and the jokes 
(with their stems) over them. The drivers and axles (eccentric 
pulleys being on) are fitted to their boxes. Guide rods, one 
cross head, and connecting rod, tumbling shafts and springs, 
rocker boxes and rockers, located according to the drawings. 
The links, with their saddles attached, are swung from tibe 
tumbling shaft by their suspending links. The link blocks are 
then fastened to their respective rockers. 

The Engineer, having attached the stub ends of the eccentnc 
rods to the straps and links, prepares a trammel, and centre 
punch points, to indicate for the smith the proper length to 
which the rods should be " pieced out." They are subsequent- 
ly put in position. The reversing lever is mounted, as well as 
the unslotted aixshes ; the tumbling shaft is ready for its con- 
necting rod to form its attachment with the reversing lever. 
This rod is " pieced out " to the length indicated, by dropping 
the link into extreme gear, and observing how far over the re- 
versing lever is capable of motion without interference with the 
cab. 

There is no occasion to place the pistons of their rods, but 
simply to take all dimensions which have reference to its mo- 
tion, from centre punch marks on the cross head. 

The engine is then "jacked up" under the boxes of the 
drivers, so that the latter clear the track. The first step in the 
process of alignment is to mark the quadrant points on the 
drivers, with reference to an arm clamped on the main frame 
which will so overlap the face of the driver that the passage of 
the point during the revolution of the wheel will be noted very 
distinctly. 

The driver is now connected with the cross head ; then it is 
revolved until the latter reaches the end of its stroke, and this 
extreme point is marked on the guide rods. Distant about 2" 
from this point along the rod another centre punch mark is 
made. Then, after revolving the drivers, their motion is arrest- 
ed when the end of the cross head arrives at this second point ; 
while stationary, the "scriber" is drawn along the overlapping 

* By W. S. Anohindos, 0. fl. 
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Arm, and a line marked on the face of the driver. CTpon re- 
volving the driverB, their motion is arrested when the points are 
a second time in alignment, and the face of the v^heel is scribed 
as before. We thus have 2 points on the face of the wheel 
equally distant from the point when the crank-pin is on one of 
the " centres " or dead points. Therefore the bisection of this 
arc gives a point, which, placed immediately under the scribing 
edge of the arm, will place the crank pin on the " centre.'^ 

By repeating this process veith the cross head when at the 
other end of the guides, we are able accurately to find the other 
" centre." Thus obtaining the "centres" on the face of one 
driver, we can readily " train " the quadrants. The strap of 
the connecting rod is next removed, and the rod allowed to rest 
on its yoke. 

Witii these four points carefully determined, we are able at 
any moment to " pinch " the crank pins of either cylinder over 
to their " centres." 

The eccentric pulleys are then placed with nearly the proper 
amount of lead (as nearly as the eye can judge), the reversing 
lever throvm into full gear forward, and the drivers " pinched " 
until one of the crank pins is on its centre. 

It should here be observed, that instead of measuring the 
lead directly from the valve and the edge of its port with steam- 
chest bonnet off, it is customary after the valve is scraped 
to its seat, 1st, to place it so that on one side the steam port is 
jii8t closed, and having made a centre punch hole on the face 
of the stuffing-box flange, place the small leg of the valve gauge 
in it ; with the other leg scribe a line on the valve-stem, on 
which line make another centre punch hole. 2nd, place the 
valve so that the opposite port i&juat closed, and make a second 
centre punch hole on the valve stem, as will be indicated by the 
valve gauge. This gauge is made of a 



I 



y 



small piece of square steel bent thus. Fig. 

108, and sharply pointed on the legs. 

One of these accompanies each engine. 

It is thus apparent that the engineer can 

(in the case of the eccentric pulley slip- ^^ yg^ 

ping) readjust his valve vdth the proper 

lead without removing the steam-chest bonnet 

The lead the valve now has is noted in the forward and back 
stroke ; if not equal, it is made so by adjusting the length oi 
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(che valve stem, by turning the right and left nut, which connects 
its two parts, and then locking the check nuts. The forward 
eccentric pulley is then altered until it gives the required lead. 
This operation is performed on both sides of the engine until a 
perfectly " square " motion is obtained in forward gear. 

After this, the point at which the reversing lever lock bolt 
strikes the arches is carefully marked with a scriber, and the 
lever is thrown into full gear back. 

If, on trial, it appears that the motion is not a " square" one, 
it will be necessary to introduce a slip of sheet iron between the 
head of the backing eccentric rod and the eccentric strap ; then 
draw the bolts tightly together. This slip should just equal in 
thickness half the difference between tiie leads. After this 
adjustment results in a " square" motion, tlie backing eccentric 
should be altered, until the same lead is produced in full gear 
back as was given in full gear forward. 

Having repeated this process on both valves, the arches should 
be marked. In order to insure perfect accuracy, the lead and 
" squareness " of the valve in forward motion should be re- 
examined, in order to guard against any disarrangement which 
may have occurred while adjusting the back motion. 

It now remains to mark the other "notches." These for a 
24'' cylinder are usually 8'', 10", 12'', 16", 20", 22", and indicate 
tlie points of cut-off when the reversing lever is in either notch. 
They may be accurately described, by again attaching the con- 
necting rod to the driver and cross-head, then laying off the 
points from the end of the stroke as shown on the guides ; pinch- 
ing over the driver until the cross-head mark corresponds with 
either of these and dravring back the reversing lover \mtil the 
\2\yBJu8t closes the port. At this point, mark the arches and 
so continue to obtain the other points. The centre notch will be 
found at the point of bisection of the arches between the two 
points of shortest cut-off. Finally slot the " notches " in the 
arches. 

It only remains ti> rigidly attach the eccentric pulleys to the 
driving axle. This is done by scribing the position of the 
feather on the pulley ribs and the axle ; then sinking a f " square 
feather — J" into the axle |" into the pulley, driving in solid, 
Also by letting the points of the two steel f" set screws into the 
^xle through each pulley. 
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REGUIiATORS. 
Grovemors. 

EUmentwry Principles. 

J. A comprehensive idea of the governors used in equaliz- 
ing the speed of steam engines, water wheels, etc., may best be 
had, at the outset, by considering the different principal ways 
in which they may be classified. 

In respect to the essential governing member of the con- 
trivance there are — 

1. Ball governors, the most familiar kind. 

2. Fan governors, in which the resistance of the air 
to an increased speed of revolving vanes, is made to diminish 
the steam passages. 

3. Oil governors, in which the increased velocity of 
a paddle wheel or propeller, working in oil is made to act to 
produce the same effect 

In respect to the point at which the governor takes effect 
there are — 

I. Throttle governors, acting to close a valve in tlie steam 
pipe. 

II. Steam valve governors. 

227. The popular idea of an engine governor is that it is a 
contrivance for rendering the speed of the engine uniform 
under a variable load. 

It is true, that it will maintain an unvarying speed under a 
uniform load, and with a uniform steam pressure ; and further- 
more, that it will maintain a uniform a/oerage speed under a 
uniform woerage load. But it will not maintain an unchanged 
speed, if the load be permanently increased or diminished, 
though it will, by virtue of the consequent diminution or in- 
crease, respectively, of the speed, so increase or diminish the 
steam supply delivered to the piston, as to make the alteration 
of speed by the alteration of load less than would naturally 
result without a governor. In other words, it holds the engine 
from " running away," as it is called, if the load be greatly 
diminished; prevents it from stopping, if the load be corre* 
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Bpondingly increased, and makes the speed more nearly, some- 
times miLch more nearly, nnif orm, under a variable load, than it 
would be without one. 

228. Oftlie vakerent defects in the simple hdU governor^ and 
of the methods of overcoming them. 

Fig. 109 represents a sleleton ball governor, where the lowest 




FJO. 1081 



and highest positions are on the lines and 6. B and C are 
fixed points, so that as the balls risey a forked, or toothed 
top, at A, depresses the valve Y and closes the steam pipe. 
Now if the biJls rose through equal heights for equal incre- 
ments of speed, the valve would be proportionally closed. But 
they do not, on account of the greater lever arm with which 
the weight of the ball acts to depress the ball from its higher 
positions. 

229. One method of neutralizing this defect is, to give the 
balls a short range of action, as from line 4 to line 6, only, and 
a high velocity, say 60 revolutions to 80 of the engine, so as to 
keep them in a high position. Then, as the entire arc, through 
which they act, approaches to a vertical direction, equal incre- 
ments of velocity will elevate the balls by nearly equal amounta 

A second Tnethod of compensation is to balance the govern 
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nor balls by a weighted arm, and bo to hang the governor 
by jointed arms, that they remain in a horizontal plane, and all 
work of Uftmg them ceases, and only the resistance of tlieir 
inertia to an increased velocity in their plane remains. 

An example of this oonstmction wiU presently be given. 

FmaOy^ the principle of ffraditationy nsed in the cele- 
brated Jndson governor's, has been employed in connection 
with the first method of compensation just described. This 
principle consists in shaping the steam openings, which are 
regulated by the governor valve, not as rectangles, bat as a 
tapered opening, so adjusted that e^tud moremervta of engine 
velocity will cause the governor through rising by decreasing 
increments of height, to shut off equal successive areas of steam 
port in the governor valve seat 

On the other hand, some governors abandon the ball regulator ; 
examples of such wUl be described presently. 

230. In regard, now, to the second classification (226). The ea- 
serUial idea of the class of throttle govemara is, to deliver to the 
piston, by means of a variable steam-pipe opening, and at each 
instant of each stroke, until cut off takes place, a pressure of 
steam due to the work being done at the instant, the point of 
cut-off being invariable. 

Whatever quantity of steam, more or less, is thus delivered 
to the piston before cut-off takes place, is used expansively after 
that point 

The essential idea of the (mt-off governor is, to cut off the 
steam supply, which is of constant pressure, coming through an 
unvaried steam pipe opening, at such a point in each stroke 
that the total work of the steam for that stroke shall be equal 
to tlie resistance to be overcome during that stroke. 

231. ThefaMng ease of the cut<yff governor ^ and its remedy. 
— ^A cut-off governor is considered perfect, according to its sen- 
sitiveness, by which it may cut off at one-eighth, perhaps, of the 
stroke, or not at aU. Now suppose the case of Jre^^uent^ stidr 
deriy and grea/t changes of load, as in a rolling-milL In driving 
the empty rolls, it may therefore happen not very seldom that a 
piece of iron may be fed to the rolls, just after an early cut-off 
has taken place. In this case, the governor was a false prophet, 
not knowing the future beyond the point of cut-off, but, 
nevertheless, it must abide by its own doings, and no more 
steam can be had to do the work required* till the beginning of 
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the next stroke. But the difSculty is not necessarily a serious ona 
tliere being at least two remedies. First, to give out the steam 
power by quick strokes of a small cylinder, instead of slow strokes 
of agreat one, so that the time before the steam will be ready to 
meet its work will be very short Second, to provide a fly 
wheel, so heavy that its inertia will maintain a nearly uniform 
speed during die remainder of a single stroke. 

282. With the throttle governor, the fixed cut-off occurs so 
late, comparatively, that there is a much smaller chance that 
the foregoing conditions will happen ; so that a good throttle go- 
vernor, placed directly on the steam valve chest, so as to quickly 
deliver to the piston the proper pressure, is an excellent reg- 
ulator. 

Without further general explanations, we will proceed to de- 
scribe several governors ; chosen from among a series of them, 
only with reference to having them as different from each other 
as possible, and each the best of its class, so far as could be as- 
certained, having reference also to novelty. If space allowed, 
it would have been interesting to have illustrated the Sickel's 
and other marine cut-offs ; the Corliss and the Greene (of Pro- 
vidence, B. I.) variable cut-offs, and tlie Judson, Tremper, and 
Snow throttle governors. 



Example T.y f^ 
ChuHbucUB Fan ThrotAe Oov&mor. 

Description, — Not many fan governors are made. This ap- 
pears strange, in view of the apparent simplicity and delicacy 
of some of them, and the inherent defects of the unbalanced 
ball governor. 

PI. XXX., Figs. 9-18, represent a very interesting one, the 
figures being nearly facsimiles of the sketches and measure- 
ments taken directly from a governor which was taken apart. 
Fig. 9 is a side view ; Fig. 11 is an end view, looking in the 
direction of arrow q; and Fig. 12, one, looking in the direction 
of arrow r. 

A is a section of the driving pulley. B the end of a f " 
spindle, II ; solid with which is lie spur wheel H. is the hub 
of A, keyed to I, so as to turn the latter. JJ is a stationary 
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sleevCj held by tlic set screw c, in the standard KD. Tlie barrel^ 
E, contains a coiled spring ; one end fast to the inner surface 
of E, the other, to the sleeve P, solid with the sector GGF, and 
rotating on sleeve JJ. Fixed to G-, is the stationary spindle, oOy 
on which the spur wheel M revolves loosely. The spindle, <?<?, 
also carries the fan, not shown, whose arms are fixed to a sleeve, 
ky sliding over oOy and solid with M. The fan carries fonr 
skimmer-formed vanes, Q^ inches diameter, and whose centres 
are 7 inches, from that of oOj Fig. 13. 

The geared sector, 6, actuates the sector m, which carries the 
spindle n of the wing valve, W, seated on the seat^. The open* 
ing at N, covered by the cap, Q, Fig. 10, affords access to the valve, 
W ; which, when f ally closed, comes edgewise against tlie stud 
or atcfpy ty Fig. 12. At L, steam enters from the boiler, and 
passes through the valve, and around its seat, which forms a 
partial partition within K ; and passes out at the opposite open- 
ing, B, to the engine. 

The parts on the valve spindle, n, are of brass. The others 
are iron. 

The operation of this governor is as follows : The barrel E, 
is held to the sleeve, J, by a set screw. It can therefore be 
turned, to coil the spring to any degree of tension. The spring 
is also fastened to the sleeve P, carried by the sector, G-, so that 
it tends to hold the valve W wide open, and the more forcibly 
so, the tighter it is coiled. 

On the other hand, if M were solid with G, its connection 
with H would cause G to revolve about B as a centre. Hence, 
just in proportion as M resists rotation, does each successive 
radius of it act as a rigid arm, attached to G, on which H acts 
to revolve G about tihe centre B ; while, when M turns with 
perfect freedom on oo^ no motion is imparted to G. Now see 
what takes place in practice. If, by throwing off a part of the load 
of the engine, its speed is increased, the wheels A, H, M, and 
thence the fans, will revolve faster ; and the resistance of the 
air to the increased velocity of the vanes will make M act as 
described, partially as if solid with G, so that G will turn ; and 
thence, by turning m, partially close the -valve, W, until the di 
minished steam supply reduces the speed. 

But note : If the engine be designed to make a revolutions 
a minute, with a load L, with the valve open to a certain 
amount, the spring will be so set as to hold the valve at thit 



Digitized by V3OOQ IC 



302 ELEMENTS OF 

opening, in spite of the vanes, nntil that speed is attained. 11 
th£n the speed be increased, as supposed, the resistance of the 
vanes will be suflScient to overcome the tendency of the spring 
to keep the valve open, and it will be partly closed. But the 
speed can not thus he perrrumerUly reduced to its former rate, 
for at that rate, the valve must be open a certain amount, by 
reason of the matual adjustment of the spring, and fan, and 
valve. To run at exactly the same speed with a less load, the 
boiler pressure must be reduced, or the hand valve in the steam 
pipe must be partly closed, or the spring must be relaxed, so 
that the fans will hold the valve at a given opening with less 
resistant effort. 

Construction.'-'TiiQ three figures should be placed side by 
side, with B, B, B, on the same horizontal line ; Fig. 11, to the 
left, and Fig. 12 to the right of Fig. 9. 

Proper scales would be from on^half to ojiid-fifth of the full 
size. 




FM.isa 



Example LXIL 
The JSimtoon Oil Throttle Governor. 
Description.— See PI. XI., Fig. 3 and Fig. 110. like 
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!ettei*fl refer to like parts. A is a cylindrical reservoir of oil, 
within which works a small common screw propeller B, whose 
axis, C, slides freely in its bearings DD. A long pinion, E, 
is keyed to this axis, so as always to be in gear with its 
driver, F, which is of greater diameter. F is fast to the axis 
of the driving pulley, G, which is driven by a belt H is a 
lover, actuated by the moving axis C, and keyed to the axis 
JK, at one end of which is the lever EX, weighted with the 
movable weight, M. From J proceeds the succession of levers 
JN, and OP, and their connecting link, NO ; by which the 
axis, QR, of the cylindrical valve, SS, is oscillated within its 
concentric seat in the case, ITU, into which steam enters at B, 
and leaves at Y, for the steam chest on which the governor 
should stand. 

Action. — Suppose an engine is to act at a certain speed, 
under a certain average load. Mraty suppose that load tmifamu 
Then a definite aggregate opening of all the rectangular ports, 
whose sections appear in T, will be required, to which a certain 
position of the lever, B[L, corresponds. 

Now, as the engine is brought to the required speed, we find 
experimentally the position on the lever of the weight M, in 
order that it eJiall be sustained by the action of the propeller, 
whose operation is as follows. As the propeller works in the 
oil reservoir, it strives to propel the oil towards the end D, of 
the reservoir. There being no free escape for the oil, its reac- 
tion drives the propeller and its axis towards H, and thus shifts 
the lever H, and raises EX, which turns the valve SS till the 
required opening is obtained. 

Second. Suppose the load, or the steam pressure, variable. A 
momentary increase of velocity of the engine, under decrease 
of load or increase of pressure, will instantl}^ produce any reas- 
onable required increase of velocity in the propeller, by means 
of suitable proportions between G and the wheel which drives 
it, and between F and £. Then, as the resistance of fiuids to 
motion through them is as the square of the velocity, or more, 
perhaps, the reaction against a slight increase in the velocity of 
B will instantly raise KL, and close the openings in T. The 
contrary effect will result from a sudden increase of load 
or a decrease of pressure. If the load is to continue for some 
time, more or less than before, the weight M must be sliifted 
till, at the same speed as before, the valve opening shall be more 
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or less also, to the extent required. And as the lever is moved 
but a very short distance to close the ports T, its angular move- 
ment, as indicated by the difference of length of F and £, is so 
small for any given average load and speed, that it is raised 
wiih practically equal facility through aU points of its small 
motion. 

Finally, when, in case of a nearly uniform load and pressure, 
the weight M need not be shifted, it is hung by a chain wrap- 
ping on a curved sector, of which EX is the arm or spoke. It 
will then rise and fall vertically. 

ConstrucHan. — ^No measurements have been placed on the 
figures, since the governor is made of various sizes. If the 
diameter of B be taken at 7i inches, it may serve as a scale for 
the construction, and PL XL, Fig. 3, will afford all tlie data 
essential for transforming Fig. 110 into plans, elevations, and 
sections. 

Example LXIII. 

Wrights Vcmahle Cut-off hy the Governor. 

Description. — See Fig. Ill, giving a general view of the 
front portion of the engine, and PI. XXXI., Figs. 6-10, show- 
ing the governor, with plan enlarged. Fig. 8 is a smaUer plan 
view, showing the valve-stems and their heads. 

The engine, to which this governor is attached, has a va/riahle 
cut-off J and its connections with the governor are such, that the 
point of cutting off steam is made automatically variable to suit 
the requirements of the machinery driven by the engine, there- 
by measuring out just the amount of steam necessary to meet 
any variations in the power required, which are constantly 
occurring in all engines used for manufacturing purposes. The 
induction valves, which are of the balance poppet kind, are 
arranged in separate chests, II, Fig. Ill, on the side of the 
sylinder, having a steam connection with the pipe cast with the 
sylinder. The engine has independent exhauet valves in the 
bottom of the cylinder, which ai-e brought as close as practicable 
to the end of the cylinder to obviate waste of steam in filling 
the passages. Tliese are slide-valves, worked by a rod taking 
hold of the valve from the underside, the rod being in the 
exhaust steam, thereby obviating the necessity of stulHiig-boxes 
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in the live steam, and they are worked with the minimum 
amount of friction. The maximum pressure on these valves is 
at the ends of the stroke, and they are relieved of the pressure 




Fia.Ul. 



m proportion to the expansion of the steam in the cylinder dnr- 
iDg the stroke. 

It may be the case with this class of engines, when used for 
20 
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manufacturing pnr|x»e8, that when they are working witL a 
minimum amount of power, the cut-off takes place bo early in 
the stroke as to reduce the pressure of steam down to the atmo- 
sphere before the stroke is completed. This involves a loss of 
power during the balance of the stroke by producing a partial 
vacuum on the steam side of the piston ; but by giving a due 
lead to the exhaust, the valves prevent this vacuum, and the 
consequent loss of power; which result cannot be produced 
without an independent exhaust. 

Indeed, engines generally, with variable cutK)£fe, have inde- 
pendent exhaust-valves, as in the Corliss^ Greene, and Putnam 
engines. 

Both the eduction and induction valves are worked from a 
horizontal shaft, parallel to the cylinder, and driven by spur and 
bevel gearing from the crank shaft. Cranks on this parallel 
shaft actuate the exhaust valves transversely to the cylinder. 
The induction valves are opened in the direction of the arrows 
oy a cam, F, on a hollow upright shitft, K, arranged in suitable 
fixed bearings between the heads, A,A, of the two valve-stems, 
d/i\ See also Fig. 8. The valves are closed to produce the 
cutting-off of the steam, by springs or by the pressure of the 
steam on the ends of their stems. The cam diaft, K, has a 
bevel gear at the bottom, through which it is driven by a bevel 
gear, G, on a horizontal shaft, H, which is arranged alongside 
the cylinder, and which derives motion through bevel gearing 
from the main shaft first mentioned. Fig. 7 shows a side eleva- 
tion of the gear and cam boxes S and R. 

The cam, F, is constructed with two pairs of sliding toes, tyt% 
n,iiAfjf\ one pair for operating each valve, and as one of the 
toes for each valve operates during every half revolution of the 
shaft, K, the said shaft only makes one revolution for every two 
revolutions of the crank shaft. The toes are cogged on their 
inner edges, as shown in plan, to gear with long straight cogs, 
n, on a spindle, N,N',N", which passes through the hollow main 
spindle, MM^, of the governor, and which is so suspended from 
the governor at O as to be raised and lowered as the balls of 
the governor rise and fall. This spindle, N, has on its lower 
part a series of spiral cogs or threads, r, which fit and work like 
a many-threaded screw in a nut, P, formed or screwed within 
the lower part of the cam-shaft The Governor is driven by 
bevel gear, m,97i' and ;,;', on the upper end of the shaft, K. 
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Tho spindle, "Ny rotates with the cam-shaft, and always rotates 
at the same Telocity, so long as the speed of the engine and 
governor is invariable ; but, whenever the speed of the engine 
varies, and causes a variation in the plane of revolution of the 
Governor balls, the spindle, N, rises or falls, and in so doing is 
caused to turn indei>endently of the cam-shaft by the longitu- 
dinal movement of the spiral cogs or threads, r, in the nut within 
the lower end of the said shaft By that means, the said spin- 
dle is caused to turn within the cam-shaft, and in this way the 
straight cogs, n, on the said spindle, are made to act upon the 
cogs of the toes, tt'^ of the cut-off cam, and thereby to produce 
a greater or less opening of the induction valves, and to expe- 
dite or retard the closing or cutting-off movement, according to 
the requirements of the engine. 

The toes are ribbed on their upper and under sides as seen 
at ^. These ribs guide the toes in and out, horizontally, in the 
grooves aa and hb. See the arrows in tho plan. 

Thus, the farther out the toes are thrown, by the rotation of 
the long pinion, consequent on the falling of the balls and the 
spindle, N', with the screw, rr, the wider will the valves be 
opened, and the longer they will stay open. 

Construction. — ^By placing the figure lengthwise of the plate, 
or by making it on a folding plate it may be made on a scale 
of from three-^Mis tofive-^htha. 



EXAMPLB LXIV. 

JBdbood and Wtloox Governor and Variable Cutroff. 

Descript^ion. — ^With this remarkable example of the present 
group, there are coupled, by way of a sunmiary of information, 
various points concerning steam engines ; collected from de- 
scriptive articles in several scientific periodicals. 

Uiost of the features of modem steam engineering originated 
in the fertile brain of James Watt He found the steam engine 
in a very crude state, and left it in quite as perfect a condition 
(e'ccepting only mechanical construction) as tJiat of the ordinary 
engines at the present time. Ho invented separate condensa- 
tion, expansion, steam jacketing, superheating, and the gover- 
nor. The combination of the governor witJi a cut-off valve 
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gear, was reserved to a later period, haying first been pnhlisheo 
in the " Kepertory of Patent Inventions " for 1826, as the in 
vention of James Whitelaw. Since then the steam engine has 
advanced by improvement in details and construction, rather 
dian by the development of new principles. 

The engine herewith partly presented makes no pretension 
to radical improvements in the principle of using steam expan- 
sively, but it embraces a novel, simple, and highly effective me- 
thod of operating and controlling the action of the valves for 
admitting and cutting off the steam. 

There is no necessity at the present day to argue the superior- 
ity of an engine regulated by a good cut-off, so far as economy 
of fuel or regularity of speed are concerned. 

This engine has a novel construction of the governor, by 
which the variation (228) due to the pendulum action of the 
ordinary governor is overcome, and a regulator produced, which 
will give the same speed whether the engine be lightly or heavily 
loaded, or the pressure of steam in the boiler be greater or less. 
The governor, as invented by Watt, and adopted by modem 
engineers with rare exceptions, gives only an approximation to 
equal speed, requiring a variation of from five to thirty per 
cent between the extremes of motion. This we have seen. 

In designing this engine, it has been the object not only to 
introduce peculiar ideas and improvements, but to combine 
therewith all those features which long practice has proved to 
be most conducive to economy of fuel, and the durability of all 
the working parts. The steam jacket has been much neglected 
in this country, though in almost universal use by the best en- 
gine makers of Europe ; and so little are its theory and advan- 
tages understood here, that often where it has been introduced 
in this country it is filled with the exhaust steam, thus partly 
defeating the very object for which it was designed. Tlds en- 
gine is jacketed with live steam from the boiler, in both heads, 
as well as around the cylinders, thereby keeping the metal of 
the cylinders as hot as the hottest steam which enters it. 

The valves which affect the distribution of the steam in the 
steam engine, are the most important part of tho machine, as 
uiK)n their properly performing their functions depends the 
efficiency of the engine. They must not only admit, exhaust 
shut off, and close, at the proper periods, but tliey must be per- 
fectly tight when closed; and, when open, admit the steam 
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with die least poesible resistance. They should also permit of 
such a r«3lation to the cylinder as to give the least practicable 
lust space or clearance. There are four distinct varieties of 
valves used for this purpose, viz. : the plug or cock, the piston, 
the seat valve or poppet, and the slide. The first variety is 
never used now by competent engineers, having but one good 
quality, viz. : the equal pressure of steam on its sides, to balance 
its many bad features, such as leakages, sticking from expan- 
sion, and unequal wear. The piston valve is also nearly out of 
use owing to Uie lost space inherent in its construction. The 
same objection applies to the poppet valve, with the additional 
ones of great liability to leakage and inability to open and close 
quickly, from tlie fact that it opens imniediately on starting, 
and is not closed until brought to rest It is impossible to start 
or stop the valve instantaneously ; tlieref ore the opening and 
closing must be correspondingly so slow as to be objectionable 
except on slow moving engines. 

The universal experience^in this country and in Europe, is in 
favor of the slide valve for opening and closing the ports of all 
quick moving engines. It is simple and easily fitted, admits of 
the least lost space, opens and closes the ports with the quickest 
possible motion, and is the least liable to become leaky from 
use of any form of valve. Of the two forms of slide valve the 
flat is preferable to the curved, from the greater facility of ac- 
curate fitting, and the more equal wear of two planes as com- 
pared to inner and outer cylindrical surfaces. 

An important condition of equal wear in a slide valve, how- 
ever, is a constant travel. Where the induction valve is made 
also to act as a cut-off* valve, as in a link motion, this condition 
camiot obtain, and as a consequence we find that such valves 
are more apt to leak. 

The adaptation of a cut-off mechanism, to act in conjunction 
with a plain slide valve, the latter to admit and exhaust the 
steam, and the former to close the port at any desired point in 
the stroke, has been a favorite pursuit of engineers for the past 
half century. Nine-tenths of all the expansion engines now 
built in Europe have some modification of this form of valve 
gear, and the engine of Messrs. Farcot & Sons, which received 
the Grand Prize at the late Paris Exposition, was of this class. 

One of the points in which the Babcock & Wilcox engine 
differs from those which have preceded it, is the manner in 
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which the cut-off valves are operated, viz. : by the action of the 
steam itself, independent entirely of the action of the main 
valve ; thus insuring an instantaneous, positive, and easily con- 
trolled cut-off, at any desired point in tiie stroke of the piston* 
The distribution of the steam to the alternate sides of the pis- 
ton, and its release from the cylinder when the stroke is com- 
pleted, are performed in the manner most approved by expe- 
rienced engineers, by means of a plain slide valve operated by 
the ordinary eccentric. But from the fact that the induction 
valve has in no case to act as a cut-off valve, and from the 
further fact that the cut-off is actuated independently of the 
motion of the main valve, the functions of " lead " and " cushion " 
can be adjusted to any desired degree, without in any manner 
affecting the action of the cut-off valve. This is an important 
distinction between the operation of the main valve of this en- 
gine, and of those which have preceded it In the ordinary 
three-ported slide valve, or in any other arrangement where the 
several functions of lead^ cut-qfy release^ and compression^ or 
closing the exhaust, are dependent on the motion of one eccen- 
tric, the " exhaust'* functions — *, «., the release and compres- 
sion — ^must always be subservient to the "steam'* functions — i. 
e.y the lead and suppression, or cut-off. The cut-off mechanism 
consists of two cut-off slides, a miniature steam cylinder, and a 
valve for controlling the admission of steam to the same. This 
small cylinder, being enveloped in the steam, requiring no 
packing, and having only the weight of its piston to produce 
wear, is, for all practical purposes, indestructible. The cut-oft 
slides are always balanced when they move, consequently they 
are not exposed to injurious wear. 

The bed or framing which has been adopted for the horizon* 
tal engines is of the form first intixxiuced by Horatio Allen, of 
the Novelty Iron Works, New York. It is bolted to the end of 
the cylinder, and extendis to the pillow-block, and the metal is 
BO disposed as to give the greatest rigidity with the least weight. 
The cross-head is upright, and is supported on flat slides, a drip 
cup cast on the bed serving to catch all drippings, not only 
from the slides, but from all the stuffing boxes. 

The regulator or governor is driven by gearing, thus avoidi:ig 
all danger of breakage or slipping of belts, and the consequent 
damage to the engine and machinery from the " running away*' 
of the engine. 
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In addition to the steam jacket for preserving tlie tempera 
tore of the cylinder, a covering of felt is employed around all 
the exposed parts, and this in turn is covered by a casing of 
polished metal. The latter is the best possible protection 
against loss by radiation. 

PI. XXXII., Fig. 1, represents a horieontal section of the 
cyKnder and valves, on X'X' and TY', Fig. 2, showing the 
peculiarities of the cut-off motion. A is a cylinder, which is 
steam jacketed, as are also the heads, at aa. B is a portion of 
the bed piece, which forms also the front head of the cylinder. 
C is the piston, and C the piston rod. D is the main valve, 
ee the induction ports, and F is the exhaust port The body 
of the valve is hollow, and conveys the exhaust steam, from 
either end of the cylinder, alternately, to the exhaust port, F, 
whence it goes into the exhaust pipe. The steam passes through 
ports ^ in each end of the valve, into the induction ports of the 
cylinder, alternately, as they are opened by the motion of the 
valve derived from an eccentric in the usual manner. On the 
back of the valve, at each end, is a slide, G, which can be made 
to cover the port at that end, and these slides are attached to a 
piston H, fitting in a small steam cylinder bolted to the back 
of the valve, and so adjusted so that when the port in one end 
of the valve is closed the other is open. Upon steam being ad- 
mitted to either end of the piston H, the piston is shot over, 
and the corresponding slide closed, to cut off steam from that 
end of the main cylinder ; while the port at the other end of 
the main valve is opened ready to admit steam to the other side 
of the main piston when the valve shall arrive at the proper 
position. 

It will be observed that the cutoff slides, G, are always bal- 
anced when moved. The one about to close having steam of 
equal pressure upon each side ; while the other one has been 
balanced by the main valve riding past the end of the valve 
&ce on the cylinder, thus admitting steam behind the slide, G. 
This condition obtains during the whole stroke of the piston 
until the steam is cut off, after which the cut-off slides G, re- 
main stationary relatively to the main valve until ready to cut 
off steam on the return stroke, previously to which they have 
been balanced by the over-riding of the valve at the other end 
These slides experience, therefore, almost no wear, and, once fit* 
ted tight, they will remain so ind^itely. The piston H, in the 



Digitized by VjOOQ IC 



S12 ELEMENTS OF 

small cylinder, is turned to fit, and has no packing, neither have 
the rods stuffing boxes, as the pressure is equal on both sides, 
except during the inappreciable time which intervenes between 
the exhausting of the cylinder, I, and the movement of the 
piston. The only tendency to wear in those parts is due to the 
weight of the piston and rods, which are supported on laige 
surfaces. In fact, after twenty months constant use, none of 
these parts have worn sufficiently to obliterate the tool marks 
upon the surfaces. 

Steam is admitted alternately to each end of the piston, H, 
at every revolution of the engine, causing the cut-ofiF slides t«j 
move at every stroke, cutting off the steam at the point deter- 
mined by the governor. 

Fig. 2 shows a cross section on XX. The valve, J, J' of the 
cylinder, HH', is balanced by the plate, J, upon its back, and is 
operated by a toe, ty upon the rock shaft, L, carried upon the 
main valve, and extending through the end of the steam chest 
where it receives motion from a crank, m, on a shaft, n, which 
y9 oscillated by the governor. The exhaust ports, fy of the 
cylinder, I, are made upon the bottom, and are at a little dis- 
tance from the end, while the steam ports, ^, are upon tlie side 
and at the extreme end of the cylinder. By this arrangement 
the piston closes its own exhaust port, and cushions on the re- 
maining distance, thus dispensing with all dash-pots or air cush- 
ions, and causing the valve to move without any noise. 

The valve, J, being balanced, and the rod, L, carried through 
its stuffing box by the main valve, there is the least possible power 
required by the regulator to adjust the crank, m, thereby ensur- 
ing more sensitive action than can be attained where the gov- 
ernor has labor to perform. 

The governor is peculiar, and is shown at Fig. 112. The 
balls, N, are hung upon arms in the usual manner, which arms 
are jointed at their upper ends to a head attached to the rod, o, 
which slides within Uie hollow shaft, k, that drives the balls ; 
the motion being communicated through the radius rods,^, 
wMch are jointed at their lower ends to the gearing shaft, and at 
their upper ends to the centre of the arms, n. The rods,^, are 
half the length of the arms, n, measuring from the centre of the 
ball, and it will be readily seen that, in consequence of this 
arrangement, the anr s, n, and rods,^, form a parallel motion, 
and compel the balls to move outward in a horizontal plane. 
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In the ordinary pendnlam governor, the balls move in the 
arc of a circle, and rise as they extend. It therefore requires 
an increased speed to maintain them in their advanced position. 
The engine must consequently run faster when the load is light 
than when it is heavy, and such is the case vnth aU ordma/ry 
governors (22S). In this improved governor, it will be seen 
that the gravity of the balls has no tendency to move them in 
either direction, and exerts no influence whatever upon the 
speed of the enginq. The centi-ifugal force causes them to di- 
verge, and a weight, W, tends to bring them towards the shaft. 
When, therefore, these two forces are in equilibrium, the balls 
will remain in the same position; but, as either preponderates, they 
are moved in a corresponding manner, thus affecting the speed 
of the engine by varying the amount of cut-off. The weight, 
W, is supported upon a bent lever, Z, which is so proportioned, 
that the centrifugal force, at any given speed, will just balance 
the weight in aU positions. The speed of the engine will, 
therefore, remain at that fixed point with all variations of load 
or pressure of steam ; for any increase or diminution will cause 
either the balls or weight to preponderate, and the point of cut- 
off to be changed, until the speed is again brought to the 
standard where the two forces are in equilibrium. 

Any desired speed for a given load, can be obtained by 
altering the weight, W, and the action of the governor will 
be as perfect in one case as in any other. A spiral on the rod, 
Oj serves to advance or retire the crank, m, relatively to the 
main crank, so as to cause the cut-off t^> occur earlier or later in 
the stroke, as the balls diverge or converge ; and the amount of 
this adjustment is such that the cut-off may be varied from 
one eighth, of the stroke, to the end of the stroke. 

The Balanced Governor is a radical improvement The 
vices of the old governor are, that the extension of the revolv- 
ing balls (by which the steam supply is shortened or lengthened 
as the speed is accelerated or checked) is resisted by their 
weights at a progressive leverage, and fails to represent truly 
the changes of speed : and, secondly, that a given force of steam 
can only be had at a given speed, — because a given posi- 
tion of the balls determines a certain opening of tiiie governor 
valve,-- -whatever the load may demand, so that if the load is 
much lightened the steam is shortened only by rmming at a 
high speed, or if the load is heavily increased, the engine must 
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run slow to get steam to meet it — except as regulated hy hand 
The balls of the new governor have nothing of the pen- 
dulum character, but extend in a horizontal plane, with equal 
ease at either extreme of their oscillation, faithfully repre- 
senting all the fluctuations of the 
speed. Their centrifugal tendency, 
at the speed intended to be main- 
tained, is accurately counterbal- 
anced by a weight, drawing them 
inward with a progressive leverage 
responding to every change in their 
position and force. The consequence 
is that BO long as the prescribed speed 
is maintained, the position of the 
Balls is independent of the speed ; 
they revolve far in or far out, indif- 
ferently, so as to give steam accord- 
ing to l^e wants of the load, with 
one and the same speed in all cases. 
If a change is made in the load, 
the speed for the moment suffers 
change, the equilibrium of forces 
in the balls is disturbed, and the 
preponderating force places the un 
resisting balls instantly in the pro 
per position to meet the new do 
mand for steam; and there they 
stay (the speed being righted and 
p,^ ji^ equilibrium thus restored) until an- 

other change of load summons them 
to a new position. The simple mechanism, by which the 
regulation of steam is perfected in this governor, will repay a 
more particular examination. 

Construotioii. — The student can profitably make Plate 
XXXIL on double the present scale, or from one-fovHh to one- 
no^ of the full size. 



Indicator Diagrame. 

283. The only means we have of tracing the action of the 
steam within the cylinder — tlie time and rapidity of its entraoce 
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the point of cntofiF, its action in expanding, the time of release^ 
the amount of back pressura, compreedon, etc. — ^is by diagrams 
drawn by an "Indicator/* — an instrument actuated by the pres- 
sure of the steam and the motion of the piston. These two 
motions, acting at right angles, produce a curve which indicates 
the exact pressure of steam at each portion of the stroke of the 
piston, in and out The line thus drawn, during a complete 
revolution of the engine, encloses an irregidar figure, the shape 
of which varies with every different condition in the elements 
which form it, and by it we are enabled, not only to determine 
the actual power exerted by the steam, but also the relative per- 
fection of die valve motion, and the effect of different propor- 
tions between the piston and passages. 

The importance of the Indicator as a means of studying the 
action of any given engine, and of comparing the relative values 
of different constructions and proportions, though known from 
the time of Watt, has but recently been fully appreciated by 
engineers; and, in fact, not until within a very few years has 
there been an instrument manufactured, capable of being used 
with any satisfactory degree of accuracy upon the quick moving 
engines now employed for most stationary purposes. To its 
employment the world is indebted for its most satisfactory 
practical knowledge of the action of steam, and the best means 
of obtaining the highest economical results. 

But in order to compare one engine with another, they should 
be in precisely similar circumstances. As, however, this rarely 
occurs, it is necessary to have some standard by which all en- 
gines may be compared and their relative performance deter- 
mined. The best means for doing this is to compare each en- 
gine with a theoretically pei*f ect engine of the same size under 
the same circumstances. 

The expansion of steam follows certain laws, and the quan* 
tity of steam being known, as well as the space which it occu- 
pies, it is possible to tell the correct pressure for each variation 
in the space occupied. A curve can thus be calculated which 
is of hyperbolic form, and which will give a diagram of the 
theoretical action of a given amount of steam in a given size of 
cylinder. The diagrams taken from any engine may thus be 
compared with a theoretical diagram, j/^ the same ^wmtUy of 
ateam used in the same sized cylinder, and the ratio existing 
between the actual and the theoretical diagrams will serve as a 
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measure of the perfection of the engine and valve mechan- 
ism. 

For the illustration of this subject, several diagrams follow, 
which have been taken from different engines, widi the theore- 
tical diagram, for each case, the latter allowing for ?u> loaaea 
from any source. It is impossible to oonstiiict an engine in 
which there shall be no loss from friction of the steam in tlie 
pipes and passages, or from clearance. 

In these diagrams, the highest line, AB, represents the pres- 
dure of steam in the boiler, and, with the exception of those 
from condensing engines, the lowest line, CD, that of atmo- 
spheric pressure. The scale marked upon each diagram is the 
Action of an inch which represents one pound of steam pres- 
sure in the vertioaZ lines of the diagram. The horizontal lengtli 
of the diagram represents the length of stroke of the engine, plus 
an amount of space at the end (exterior to the heavy outline), 
which is called the '^clearance," and represents, in the same 
scale as the stroke, the amount of space included between tlie 
end of the cylinder and the piston at the extreme of motion of 
the latter, and also the contents of the passage ways. It will bo 
seen that the length of stroke is represented by no particular 
scale, but each of the divisions is one-tenth of the full stroke. 
The heavy outline is the diagram formed by the indicator, and 
represents truly the pressure in the cylinder at each fraction of 
the motion of the piston. Where the line commences to fall 
abruptly, as at F, is the ^ point of cut-off," and shows the por- 
tion of the stroke in which the steam is admitted. During the 
remainder of the stroke, the steam expands, reducing the pres- 
sure, and forming a curve, called the " expansion curve." At, 
or just before, the end of the stroke, the steam is released, and 
** exhaust" commences. The returning line shows, by its dis- 
tance from the base line, the amount of ^^ back pressure." In a 
properly constructed engine, the exhaust closes a little before 
the termination of the return stroke, thus confining the remain- 
ing steam, compressing it, and forming a ^ cushion " to stop the 
momentum of the piston, and prepare it for the return stroke. 
This is shown by the rounding of the comer and the rising of 
the pressure at the termination of the stroke. 

The dotted outline represents the theoretical power of the 
amount of steam exhausted from the cylinder in each instanoei 
when used in a cylinder of the same size, with no losses from 
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friction in the passages, back-pressure, or clearance. The pro- 
portion of the area of the actual to the theoretical diagram re- 
presents the rdati/ve efficiency of the given engine, and is stated 
in percentage of the theoretical efficiency in connection with 
each individual diagram. 
NO0. 1 and 2 were taken from a 12-inch engine, 3 feet stroke. 




making 64 revolutions. In No. 1 the actual is 89 per cent of 
the theoretical diagram, and in No. 2, 82 per cent The losses 
in this case are due to the friction of the steam in the pipe and 
passages. 




These cards are taken from the first Babcock & Wilcox en- 
gine ever built 
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No. 3 is from a 14 by 42 inch engine. The engine makes 65 
revolutions per minute or 465 feet of piston speed. This is one 
of a large number of equally good cards taken from this en- 
gine, and the actual diagram is 92f per cent of the theoretical. 




233. Leaking valves, or pistons, ill proportioned steam passa- 
ges, an improi>er amount of compression, back pressure arising 
from a too long, circuitous, or otherwise hindered exhaust, a 
general bad condition of the engine, or an overestimated boiler 
pressure, given by inaccurate gauges, may all make an abnor- 
mal diflEerence between the actual power given out, as repre- 
sented by the indicator diagram, correct as that may be, and 
any alleged corresponding theoretical diagram. 

With these explanations, which the rigorous impartiality of a 
text book imperatively demands, the following vicious diagrams 
are given in illustration of them ; and without implying that 
better ones could not be taken from perfect engines of the de- 
signs which they represent 

Indeed, it is much to be desired that a series of diagrams 
might be taken from the best specimens of all our best engines, 
by a board of entirely disinterested experts, and from each en« 
gine by each of a number of indicators. 
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No. 4 is trom a plain slide valve engine, 18 inches bore and 8 
ft. stroke, of good constniction and apparently in good order. 
It shows but 55.33 per cent of the theoretical diagram. It will 
be noticed in this case, that the theoretical compression curve 




does not touch the actual line, except at the point of the pecu- 
liar hook, which is probably owing to a leakage of the piston. 

No. 5 is from an engine of 23 inches bore and 4 ft stroke. 
It figures 71i per cent of the theoretical diagram. 
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No. 6 was taken from a condensing steam engme, fitted witb 
poppet valves, actuated by toes^ and shows 71f per cent of the 
theoretical effect 




Example LXV. 
1^ Putnam Machine Coh Variable Cutoff. 

J)e8C7*ipti(m. — PL XVI., Figs. 11, 12. Let the observer be 
supposed t^) be facing the front end of the cylinder of a hori- 
zontal engine, with the steam chest on what will then be the 
right hand side of the cylinder. In this chest are the poppet 
valves opening upward ; and the parts shown in tlie figure will 
be under the steam chest 

A is a section of the cam shaft, moved by gearing on the 
main shaft, and lying parallel to the cylinder. 

The manner of lifting the valves is designed to overcame all 
shock in their rising and falling. The actual construction va- 
ries somewhat, but the principle is shown in the figure. The 
cam shaft, in this case, has the same angular velocity as the en- 
gine shaft, and when connected as shown in Fig. 11, is adapted 
for large engines. The auxiliary lever, D, has a horizontal and 
vertical motion, the comer, 7, describing nearly a semicircle 
and returning on the diameter, operating against the lever, B, to 
raise the valve, the position of the fulcrum of B being under 
control of the governor. The rise and fall of the governor 
spindle oscillates the lever, F, by means of an arm, keyed t(» H, 
or in any convenient manner ; and thus determines wlien the 
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comer, 7, Bhall pass the comer 8, and thus let go of the valve ; 
which will then drop to its seat The lever as in Fig. 11, is 
operated by a doable cam — GE, Fig. 12 — the part o of the 
lever rests npon the G part of the cam, during the entire revo- 
lution, while the lever receives horizontal motion from the ec- 
centric £, acting against the straight sides, mn, of the opening 
of the lever within which it plays. It will be observed that the 
comer, 7, never falls below the under side of the lever B, bu 
slides along in contact with it. 




ExAMP'^ LXVL 

Tho Bider Ovinifff. 

Deaoriptian. — ^Fig. 112 clearly illuBtrates this novel and sim 
pie variable cut-off, with the valve chest removed. The rise 
and fall of the govemor spindle is made to rotate the obliquely 
21 
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truncated half -cylindrical cnt-off yalve, 00, and its stem, T, bj 
means of an arm from T ; or a tootliod sector, gearing with a 
rack, formed bj teeth on the lower end of the governor spindle. 
The angnlar position of the valve thus determines the time of 
cutting off steam from the oblique ports, seen in the main slide 
valve. These ports pass spirally through the valve, SS, so tliat 
on its plane under side they are rectangular and perpendicular 
to the axis of the steam cyUnder in the usual way. 

Construction. — ^After the practice from measurements, which 
the student has thus far had, it will be sufficient to assume them 
for this example. As a key to the relative position of the piston 
and the two valves, in making a section as in PL lY., Fig. 1, note 
that when the piston is at either end of its stroke, the main valve, 
having no lap, is exactly at midstroke, except by the amount of 
the lead; and the cut-off valve is in a position to have the port 
on top of the main valve wide open. Also, the main valve hav- 
ing no lap, its tra/od need be but twice the width of its steam 
port 

The following more definite data from a model, will serve as 
well as if from actual practice, for the purpose of locating the 
eccentrics, and thence the position of both valves, for any piston 
position. They are all in 60ths of an indi. 

Stroke of piston = 168. Width of steam porta, 8i. Da orer all the ports, 48. 

Tnyel of main yalre, oonstant = 17, = 8i each way from midstroke. 
'' " cut-off '* " = 31, = 10* " " " 

«« " cat-off ^* onmainTalTe 18, as 6* *^ of oentra of cat-off from 
centra of main yalve. 

These half travels, 8^ and 10}, give the throws of the eccen- 
trics; and then the last item will show what angle they should 
make with each other. 



ExAMP« Lxvn. 

SibUy and Walsh's Water- Wheel Governor. 

Description. PI. XXXIV., and Fig. 114. In the plate. Pig. 
1 represents a sectional elevation of the governor. Fig. 2 is a 
sectional plan, on the plane asx. Fig. 8 shows a separate view 
of the stop-plate which operates to detach the pawls, LU. 

like letters indicate like parts on all the figures. A Is the 
bed. B is the frame. O is the governor head. D, the governor 
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balls, and % the governor spindle. F is a band pulley, by which 
the governor is rotated through the action of the bevel gears, 
G and H, as shown on Fig. 114. I is a frame— or bar, Fig. 
114 — sliding on the bed, and moved by the eccentric, J, on the 
spindle, £, by means of the rod, E. 

This frame, I, is provided witii four pawls, LL' — two only in 
Fig. 114 — ^which engage with the ratchet wheel, M, through the 
reciprocating motion of the frame, or bar, I. The pawls LL 
turn the wheel M in one direction, and the pawls L'L' turn it in 
tlie opposite direction ; but they engage with M only when 
there is a variation in the speed of the:govemor. N is a shield 
on the shaft, or spindle, O, to which shaft the ratchet M is 
attached. 

The shield N extends in the form of guard-plates, P — ^the 
concentric shell segment, M', in Fig. 114 — ^which so cover some 
of the teeth of M, as to prevent the pawls from engaging with 
M, except when opening or closing tlie water-wheel gate by the 
action of the bevel gears, Q, Fig. 114. The positions of N and 
P are controlled by the governor. 

The vertical motion of the governor spindle, E, is transmitted 
by the grooved thimble, B, through the forked bell-crank, S, 
oscillating on the shaft, T, and through the rod, IT, to the shield 
N ; which is thus made to oscillate on the shaft O, and to vary 
the position of the guards, P. 

The pawls are kept in contact with the guards, when not engaged 
with M, by means of the small springs, Y, attached to the studs, 
W, as shown. X is the stop, which consists of a bar in which the 
shaft, O, works by a screw thread, so that the rotation of O 
carries X in the direction of the length of O. 

As the wheel M is turned, X will finally be brought to the 
shoulder on the screw-shaft, O ; and then the water gate will be 
fully open, and the stop, X, will turn with the wheel M ; its 
motion being limited, however, by the stud X\ The pin, y, in 
the bar, X, will be in contact widi the pin, z, in the shield N, 
and will hold the latter, with the guards, P, in such a position 
as to prevent the pawls, L, L', from engaging* with M. At the 
same time, the governor, by the action of its varied velocity 
in putting the guards, P, out of the way of the pawls, LL^, is 
loft free to close the water gate as may be required. 

Fig. 8, a^j shows a plate which turns on the shaft O, and, by 
means of the rod, 2',may be made to disengage the pawls from the 
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ratchet wheel M, when it is deaired to close the gate by the hand 
wheel Y. The plate, O, is recessed as at a'a\ to allow the pawli 
to engage with M at other times. 




Ink U4. 



The wheel M may be horizontal, as in the plate, or vortical, 
as in Fig. 114, and with two or four pawls. 

Operation. — ^When the water-wheel revolves too slowly, the 
balls fall, E rises, S swings to the right, 1J is let into the teeth 
of M, and turns it as I makes its stroke to the left, so as to 
open the gate. 

When the water-wheel revolves too fast, the balls rise, E 
falls, S swings to the left, L is engaged with the teeth of M 
and actuates it during the stroke of I to the right, so as to do9€ 
the gate ; I being constantly actuated back and forth by the 
eccentric J. 

Construction, — ^These governors are made of various sizes, and 
(»f partly different proportions, to suit different cases. A scale 
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for PI. XXXIV. can be dctoi-niined by assuming the balls D tc 
be four inches iu diameter. 

With a little care, especially where an example of the goveiv 
BOT is acoeanble, Fig. 114 can be tnasformcd into plans and 
elevations. Also an end elevation could be added to Fl. 
XXXIV". In the elevation the top of tlie bed, A, and tlie 
centre lines of E and O, will be convenient lines of reference 
to work from ; and in tlie plan, a line joining the centres of O 
and E will be a useful lino of reference. 



MODUIiATORa 

Example LXVIIL 
Cinnpound Speed and Feed Motions. 

Among compound modulatore fonning trains of mechanisnt| 
feed motions may firat be mentioned. 

The utmost number of plates being now full, tlie skeleton, 
Fig. 115, may represent, in plan, the feed movement of a grand 
shaping machine by the celebrated Joseph Whitwoith, of Man- 
chester, Eng., for finishing up propeller blades. F is a tapering 
" mandrUj^ so made for the purpose of taking up all weai*, by 
slipping it furtlier into its bearings, so that it will revolve with- 
out play in its bearings, or journals^ at F and F ; whose massive 
common support is called a headstock. FL is the radius of the 
circular face-plate, the many rectangtdar holes in which allow 
work to be clamped to it in any position. FM, FN, and FO are 
three concentric spur-toothed rings, bolted to the back of the 
face-plate, to allow it to be driven at various speeds. P is the 
band pulley, from which aU pai-ts take motion, and which may 
be attached to either of the other speed shafts, 1, 2, or 3. The 
spur wheel, E, sliding by a feather in a longitudinal groove in 
dio shaft P^, may thus be in or out of gear with the spur-wheel 
8, on the shaft 1; which, by a pinion, ft, at M, carries the face* 
plate. Pinion T is on the same hub, or " hoss,^^ with S, and is 
in gear with IT on shaft 2. Now U can be put in gear with 
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pinion Y, on shaft 3, canying the pinion X, to gear with O for 
driving die face-plate at its quickest speed. Shaft 2, carrying 
wheel Yf has also upon it a pinion Y, in gear with wheel Z, on 
shaft 1. The pinion a, gearing with N, gives the intermediate 
face-plate speed, and pinion b on shaft 1, acting witli ring FM 




FlOwUfL 



gives the slowest speed. The shaft Tg is supported by interme- 
diate bearings, as e^ and one on the standard^ where it carries 
tlie spur-wheel, ^, which gears into A, which tarns loosdy on • 
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fixed stud A', and gears with * on the screw shaft y. At m m, 
are guides, on whioh slides the great slide rest n, by the work- 
ing of the revolving screwy*, in the long fixed nut o, on the 
under side of n. 

This part of the movement advances the tool, tj against the 
propeller blade B, according to the pitch of the latter, as the 
face-plate revolves. 

Again: a bevel pinion jp' with a long feathered boss, on Py, 
revolving with Py, moves another pinion ji?, on the axis of which 
is r, gearing with «, loose on a stud, and so driving a larger 
wheel, Oy not shown, on the screw shaft, «, which, by working 
tlirough tlie slide Vy gives transverse motion to the tool, to enable 
it to make its concentric parings from the blade B. 

Wheel q, by gearing with a pinion on the shaft of «, then put 
in gear with o, will give a quicker transverse feed. 

NTarious sets of the wheels g. A, and «, provide for different 
pitches of the screw to be trimmed. 

Construction. — ^This example, by the very rude illustration 
given of it, may serve, more fully than any previous one, as 
one in mechanical design. 



EXAMFLE LXIX. 

WhitwartiCs Quick Return Motion, 

Description, — Quick return motions are contrivances for with- 
drawing a tool across the surface of its work for a new cut, 
faster than it works in making a cut, so as to save a part of the 
time in which it is idle. 

PL XXX L, Fig. 11, shows a very ingenious and admired 
form of quick return, for a shaping machine ; that is, a planing 
machine for irregular, or curved work. An arm at A, takes 
hold of the stock, which carries the cutting tool, and leads it 
back and forth, as actuated by the connecting-rod, G, proceed- 
ing from the crank-pin, H; whose distance from the fixed 
centre of motion, O, is adjustable. H is clamped in the radial 
groove of the crank piece, I, wliich is carried by the spur-wheel 
J, which revolves in the very stout bearings YJ^. This being 
hollow, as shown by the dotted circles, K and hy the spindle, C^ 
of the crank piece, I, passes tlirough it. There is a radial slot 
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in that side of I wliich rests against J, and in the contiguom 
side of the wheel J is a pin, L, carried in the square bush D, 
which slides in this slot. The pin, L, with its bush, D, imparts 
the motion of J to I. Now LO is a fixed distance, and so is CO, 
but LC ip variable, being now = LO — CO ; but when L is on 
the opposite side of O, we shall have LC = LO + OC. And 
this variable distance of L, from the centre of motion, C, of the 
crank, makes the return motion, in the sense of the arrow, quick, 
and the advance motion, when LC = LO + OC slow. 

Cotuitruction. — This example may well bo drawn t\vice an 
large as in the figure. 




Fio. 116w 

Example LXX. 
MasarCB Friction Pulleys and Couplings or Clutche%. 

Description. — In the above cut, the friction pulley shown, 
consists of the two main parts, the loose pulley B, and the shaft 
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A, on which is keyed the part second, which consists of a plate 
or disk, D, and two segments, E£, and the sliding sleeve o- 
thimble, F. The two segments, ££, are fitted to slide radialij 
on the face of the disk, between ribs or guides, cast on the 
plate DD, and are operated by means of the adjustable toggle 
joints shown. It will be seen that when the thimble, F, is 
moved towards the plate, the segments ££ are forced outwards 
in contact with the inside of the pulley A, tliereby producing 
friction between the two surfaces sufficient to drive the ma- 
chinery to which it is applied. The ball and socket joint used, 
is more plainly seen in the figures 117 and 119 of the friction 
coupling, shown by the letters e^fj and g. 

Belts running over the friction pulleys will run much longer 
without necessity of tightening, than when they are constantly 
shipped from one pulley to another. 

In some cases friction pulleys may be placed on the main line 
and used to stop and start madiines driven directly from the 
mainline. 

Method of Adjusting the Friction. 

The friction pressure may be nicely adjusted, by placing the 
centres of the segments in a horizontal position, and then tak- 
ing two strips of stiff paper, and placing one strip between the 
centre of each segment and the inside of the pulley, when un. 
shipped, then slowly ship the thimble towards the plate, and 
note which strip of paper tightens first ; the adjustment is tlien 
easily effected by screwing the connecting arms out or in until 
the pressure is alike on each segment, and sufficient to drive 
without slipping; then tighten the check-nuts, FF, firmly 
against the joint to prevent the screw from loosening. Care 
should be taken not to set out too hard, so as not to prevent the 
thimble from always shipping up closely against the plate, as 
the joints are so arranged that the centres of the joints of the 
thimble will just pass by a line drawn through the centres of 
the joints of the segments, thereby holding itself in when the 
thimble is fully shipped up against the plate. 

This adjustment should always be attended to by a good 
mechanic, on the first starting up, as when properly adjusted 
they will generally run one and two years, and often longer, 
wilhont any readjusting. 
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Fia 117.^Thir^-aU inch Frlotloa CoapUng; OM^twelfth tim. 

Figure 117 represents a view of the friction conplitg as ai> 
plied for connecting shafting. The shafts A and B, are made 
one to enter the other, so as to help keep them in line ; some 
times it is more convenient to drill into the end of each shaft, 
and put in a steel pin, instead of letting one shaft enter tlie 
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other. The segments of this friction coupling, have a Y, or 
wedge form, by which a very powerful friction is produced, for 
oonnecting heavy shafting and gearing. 




Fie. lia 



Fig. 118 shows the slides or ribs on the plate, also, the ball 
joint and screw and check nuts, and T joints of the thimble, in 
their relative positions. 




Fl«. U9l 



Pig. 119 shows one method of applying the friction for start 
infif and stopping gears, as used for force pumps, grinding milb 
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and other machineiy, which can by this method be drivea 
directly from the main shafting; stopping both gears when 
the friction is unshipped. By this method, there is no danger 
ofbreakmff the gear teeth on starting^ nor any necessity for 
slacking speedy on starting any machinery which they may be 
employed to drive ; as, in case of sudden unusual strain being 
brought on the machine, the frictibn may be so adjusted as to 
slip a trifle, thereby saving the breaking of shafts or teeth of 
gears. In cases of fires in factories, force pumps have fre- 
quently been disabled and rendered useless by the breaking 
down of the gears or shafts ; and, in places where frictions are 
not im, use^ it is necessary to stop the engine, or water wheel, 
before the pump gear can be thrown in ; while by the use of 
friction, any force pump can be started up promptly in case of 
fire, without stopping or hindering the motive power. 

These friction clutches are also very useful for hoisting, as at 
coal, copper and gold mines, and in tunnel shafts and rolling 
mills, and have been furnished for use at a number of different 
copper mines in Chili, South America and elsewhere. They are 
applied between tlie engine and large winding drum, for revers- 
ing the motion of the drum, which they accomplish in the most 
perfect manner. Among the largest yet made are two em- 
ployed to reverse the motion of heavy i-olls for rolling sheet 
lead. The two weighed about five liiousand eight hundred 
pounds, yet are light in comparison with the ponderous gears to 
which they are applied. By simply working the lever the power 
is arrested or transmitted in either direction almost instanta- 
neously, without any shock or noise, or slacking speed of engine. 
Tliey transmit sixty horse power, and are shipped probably two 
hundred times daily. 



EXAMPTJG LXXI. 

Jieversmg Gear for tJte Comj^und RoUi/ng-MiU Engine. 

Description. — PI. XT., Fig. 2. In this figure, the plan wat» 
improvised from a given elevation, only, but will answer to 
illustrate the character of the movement, and as a basis, from 
which the student can proceed to make modifications. 

SS' is the main shaft, on which is moimted, loosely, the 
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eccentric, EE', solid with the hevel wheel, GG'; the collar 
CO', and the sleeve, AA', which slides on the long feather jQ^. 
00' and AA' revolve with the shaft, by reason of the feather, 
and EG'— E'G' revolves by reason of the hold which the teeth 
of the bevel sectors LL' and FF' have npon GG'. 

To reverse the engine, it is only necessary to revolve the com- 
mon eccentric, EE', of tlie three valves, npon the shaft For 
this pnrpose, ER' is a loose ring on the sleeve, AA'. By operat- 
ing a handle which proceeds from it, eitlier by hand, or by 
power, AA' is shifted to the right or left, and thence the arms, 
aa\ and hh\ rotate the bevel sectors, which will rotate GG' as 
desii-ed. These arms are centred on the studs, go\ and dd\ on 
the sleeve, and the sectors are centred at gg on studs on the 
collar CO'. 

Gon9tTucti(m.^\fyt this figure be made on a scale of one- 
twelfth, and with the sectors in some other relative position, so 
that the arms <ia^ and hV will not be parallel. Also some at 
least, of the teeth on the sectors can be added, and an end view 
made. 

233. Escoupemervts are of comparatively small immediate in- 
terest to the civil or mechanical engineer, as such ; but are 
intrinsically attractive, on account of the refined ingenuity of 
their design, and by association with astronomical clocks ; cer- 
tain uses of which in engineering practical astronomy, the engi- 
neer should be acquainted with. Escapements are also indi- 
rectly interesting to the engineer as forming a part of some of 
the dividing engines, by which the degree circles of his field 
instruments are graduated. 

Escapements are, finally, interesting as being the only means 
vrithin the range of pure mechanism, that is by motion only, 
witliout employing inertia as in case of a fiy-wheel carrying a 
crank over its " centre," for converting rotary into reciprocating 
motion. 

A few examples therefore are here given ; as a proper con- 
clusion of this work, with the most refined constructionB that 
can be found. 
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£xAMPLB TiXXTT. 

BonoPa Eaoa^ment^ No. 2. 

Description. — ^What follows is in the words of the inveatoi 
and makers. 

" In giving the description of my Isodynamic Escapement. 
No. 2, it will be necessary, in order to explain its advantages 
fully, to give some account of those now in use, and of the ob- 
stacles still remaining to be overcome in order to obtain one 
that is perfectly exact 

" The advantages to be derived from the possession of a clock 
of perfect accuracy (were such a thing possible), could hardly be 
over-estimated. The science of astronomy, in particular, would 
receive important benefit from such an instrument But as no 
timekeeper has ever yet been constructed that could be relied 
upon as being absolutely free from eri*or, it is evident that there 
is still room for improvement. The sources of irregularity 
have long engaged the attention of many able scientific investi- 
gators, and very numerous contrivances for counteracting them 
have been suggested. These remarks refer, of course, only to 
such timekeepers as have the pendulum for their regulator, and 
indeed, no other natural principle is practically so well adapted 
to produce regularity. 

" The end to be attained is, to keep the pendulum vibrating al- 
ways in the same arc, always encountering the same amoimt of 
resistance^ and of raotivB power. 

" The principal errors may be divided into two classes, those 
arising from the mechanical intervention necessary to maintain 
the vibratory motion of the pendulum, and those arising from 
such causes as would still afEect it, provided its vibration could 
be maintained by a uniform force ; for instance, changes of 
the themometer, barometer and hygrometer, magnetic influen- 
ces, and, to a slight degree, the position of the moon. By far 
the most important of these errors are those arising from the 
friction influencing the pendulum through the escapement, as 
they are of such a nature as renders it almost i«*ipo6sible tc 
ascertain beforehand what their influence will be, while the 
residuary errors of the second class are not only smaller in 
amount, but can, by close and accurate observation, be tabulated 
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and the corrections applied. It is the first class, therefore, of 
these errors, that it is most important to remedy, and the power 
of doing tliis lies almost entirely in diminishing, or egisafdainff^ 
the friction of the escapement. The mere diminishing of the 
friction is not the only, or even the principal desideratum in 
snch improvement ; the equaUsmg of the force is of far more 
consequence, as is sufficiently proved by the single instance o^ 
the deservedly high position which Graham's escapement has 
so long maintained, notvnthstanding the great amount of fric- 
tion which it involves. One reason of its superiority to many 
others which boast far less actual friction, is its principle of 
compensating a slightly varying power npon the pallets, by a 
corresponding variation in the arc described by the pendulum ; 
this has given it its practical utility. This escapement, though 
invented nearly a century ago, met with no successful rival, 
until within a few years. It has, however, recently been re- 
placed, in some astronomical clocks, by Denison's three-legged 
gravity escapement The superiority of this latter consists in 
the impulse to the pendulum being given either by the force of 
gravity, influenced by a small amount of friction, or by the 
force of a spring without such friction ; but in either case there 
is a certain amount of variable resistance, increasing or dimin- 
ishing as the wheel- work of the clock carries more or less power 
to the escapement, and consequently, if a heavier driving 
weight is applied, the pendulum encounters more friction in 
unlocking the escapement, without gaining any additional im- 
pulse, as it would in the case of Graham's. The vibration of 
tlie pendulum is thus afl^ected, and its rate changed, by a vary- 
ing cause, dependent upon the freedom with which the wheel- 
work transmits the power, and which it is impossible to calcu- 
late. Notwithstanding this defect, this method has, upon the 
whole, smaller causes of error than any hitherto known. 

" The Isodynamic Escapement, recently invented, overcomes 
entirely the difficulty of the varying power transmitted by the 
wheelwork, and thus obviates most of the objections to other 
escapements. In comparing it with previous ones, I refer only 
tQ Denison's and Graham's, they combining to a greater degree 
than any others the various requisites essential to a good esccxpe- 

^ Besides the difficulties already ennmerated, which are to be 
overcome in making a perfectly reliable gravity escapement. 
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there is one which has been exceedingly troublesome, namely, 
the necessity of guarding against what is called tryffping^ or the 
danger of two or more teeth of the escapement wheel passing 
the pallets at once, when one only is intended to do so. This 
causes the hand of the clock to gain by jumps, and of course, 
in a most unreliable manner, while the pendulum may be 
vibrating with perfect regularity. Mr. Denison, in his book on 
* Clock and Watch Work,' speaks of guarding against this diffi 
culty as first among the essential mechanical conditions. Even 
in his own gravity escapement, to which I have already referred, 
the possibility of t/rvpping still exists, though rendered reasona- 
bly slight by the introduction of a fan upon the escapement 
wheel, but in the Isodynamic Escapement, it will be seen that 
this danger is completely removed." 

The escapement, of which PL XXXIII., Fig. 2, is a draw- 
ing, is of the class known as gravity escapementSy and has proved 
thoroughly good and given extremely good results. The ex- 
treme variation in the hourly rates of a clock with this escape- 
ment, for a considerable length of time, was only 0*.020. 

In the figure, g and y, are the gravity arms hung on delicate 
pivots at a^p and js>' tlie pallets,/ and y' friction rollers. P the 
pendulum, and S the scape wheel, revolving five times a 
minute, having six arms, and six pins d d' projecting from the 
face, to act on the friction rollers,/;/^'. At the moment shown 
in the figure, the pendulum has completed its swing to the left, 
and has just began to move to the right, the gravity arm, y, be- 
ing in contact with it, and assisting the vibration by its weight, 
until the adjusting screw, J, comes in contact with the stop, <?. 
The gravity arm, g\ has in the mean time been raised slightly 
by the pin d' in the scape wheel, coming in contact with the 
friction roller, /', and the arm, m\ of scape wheel has locked on 
pallet, p\ As the pendulum continues to move to the right, it 
comes in contact with adjusting screw w/, and carries gravity 
arm g\ with it, to the right. This unlocks the' arm m\ the 
scape wheel moves forward until tlie pin d^ comes in contact 
with friction roller,,/, raises it a little, and arm, m, locks on 
pallet J?, until it is again unlocked. It will be seen from this, 
that the impulse is constant, being the weight of the gravity 
arm, acting on the pendulum through the distance it is raised 
by the pin in the scape wheel, since it falls back in contact 
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with the pendulum that much more than the distance through 
which ihe Ji>en4tdu7n has raised H. 



ExAMPLB LXXITL 
BiTuPs AvaiUary PenduLwm Oramty Escapement. 

Description. — This again is nearly in the words of the 
makers. PI. XXXIIL, Fig. 3. This was the last invefation of 
the artist, Mr. Richard F. Bond, perfected indeed on the 
morning of his death. Its mechanical beauty is shown even 
more clearly in the drawing, than it appears in the clock, where 
it is necessarily somewhat confused with the other details. 

It is an entirely new escapement, nothing like it ever having 
been made before, and with the exception of the Semontoir 
clocks, which are entirely different in principle, this is the first 
clock which has ever been made, with 2k perfectly detached es- 
capement The border of the plate represents the back plate 
of the clock, and all the work shown is on the outside of this 
plate. The wheel, J, is in connection with the train of the 
clock, and is constantly revohang with a uniform velocity^ 
making one revolution in little less than one second, and is reg- 
ulated and controlled by the conical pendulum, not shown in 
the drawing, which also revolves once a second. 

S is the scape wheel, with the scape arm, «j, secured firmly to 
its axis, and moving freely on delicate pivots, working in pol- 
ished jewel holes ; or, as made in the first two clocks, sent by 
the makers to Paris and Liverpool, the pivots of tlie scape 
wheel worked on small friction rollers. 

The scape wheel, «, gears in with the constantly moving wheel 
h / but, at the moment shown in the drawing, it is entirely detached^ 
a few teeth being omitted in the scape wheel, so that when the 
arm *„ locks on the pallet,^, in the gravity arm y, it rests there 
merely by its own weight, the wheel h continues to revolve, but 
the scape wheel s remains at rest. There is also a jewelled 
cam, tf, on the axis of the scape wheel, which, just before the 
arm s^ locks on the pallet J7, comes in contact with the friction 
roller yon the gravity arm, thereby raising it slightly, in order 
to give tlie necessary impulse to the pendulum P, which is repre- 
sented as moving to the right. At tJie lower end of the gravity 
22 
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arm is the screw ^, which carries a jewel o on its end, and as £hc 
pendulum comes in contact with it, it moves the gravity ann 
also to the right, thereby releasing the arm «„ which falls by its 
own weight This causes the wheels 8 and h to gear together 
again. The scape wheel is caught up by <^he constantly moving 
wheel, J, and is carried over, until the cam, e^ raises the gravity 
arm, the arm, 8\ locks again on the pallet^, and the scape wheel, 
disengaged from wheel J, again comes to rest. There is also 
another jewelled cam on the axis of the scape wheel, which at 
the instant that arm 8^ drops from the pallet and the scape 
wheel is caught up by wheel ft, engages with a tooth of wheel c 
and moves it forward one tooth. The axis of wheel o carries 
the 8eoond8 hand ; and a pinion on the same arbor, under the 
dial, in connection with other wheels and pinions, moves all the 
hands at once. M is a stop screw, shaded dark behind screw k, 
which regulates the movement of the gravity arm to the left, 
and so adjusts the amount of impulse which the pendulum shall 
receive. 

It will therefore be seen that the whole timekeeping part of 
the clock consists of the pendulum P, the scape wheel, and 
arms 8 and «», and the gravity arm, g ; the scape arm falling 
from the pallet jp at regular intervals of two seconds, measured 
by the vibrations of the pendulum P. The rest of the clock 
may therefore be regarded as an auxiliary machine, to carry the 
scape wheel round until it locks, to raise the gravity arm, and 
to move the hands ; all heavy work, which has nothing to do 
with the time-keeping qualities of the clock, and it might be 
used to give motion to any number of instruments or machines, 
for recording meteorological observations, or anything else that 
might be desired, and the time of the clock would not be in- 
fluenced in the slightest degree. 

The great diflSculty to be overcome, was to make the two 
wheels h and 8 gear together properly, without having the points 
of the teeth jam together, which would stop the clock, and thia 
was effected at last by making the first two teetli in wheel a 
movable, they pass through the rim of the wheel as shown, and 
rest on delicate springs v Vy which yield to the slightest pressure 
and permit the teeth to slip into their proper place. 
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WARREN'S COMPLETE COURSE 

IN 

Descriptive Geometry, Stereotomy and Drawin%,, 

FOR SCHOOLS. COLLEGES, POLYTECHNIC INSTITUTES. 

Published by JOHN WILEY & SONS, 

53 East Tenth Street, New York. 



1. A PBIMABT OEOMETSY fob Oommon Schools. 

WITH SIMPLE AND PRACTICAL EXAMPLES DT PLANE AND PROJEC- 
TION DRAWING, AND SUITED TO ALL BEGINNERS. 

By S. Edward Warren, C.E., 

Author qf a Series cf Elementary and Higher Text-hooka on the I^ndplss and 
Practice cf Indtutrial Drawing. 

12mo, doth. 76 Cents. 

There is a growing and well-grounded feeling that there is an 
excess of attention to book and brain education^ as compared with 
hand and brain education. 

In the present increasing reaction from the old abandoned 
apprenticeship system, this feeling manifests itself in a demand for 
increasing attention to Manual Training. 

Whether this manual training shall be in schools, or in real life, 
in shops, ships, railroads, oflBces or fields, Geometry, or the study 
otform, should, from the beginning, accompany arithmetic, or the 
study of number; since all mechanical industries, of every name 
and kind and grade, require familiarity with forms and their 
arrangement. 

Nearly all the Geometries hitherto published, and styled ^'Ele- 
mentary,'' differ from the larger ones, suited to colleges, more in 
size than in method, and are seldom begun before entering the 
High School; thus depriving many thousands who need it, of an 
opportunity to study geometry. 
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WARREN'S PRIMARY GEOMETRY, 

Prepared as the result of much experience and reflection, is, as 
indicated by its title, much more elementary than those commonly 
so called \ as may be gathered from the following statement of 

Its IHetinctive Features. 

1. It presents the simplest geometrical truths, at first in a famil- 
iar conversational style, and is suited to the common schools in 
which so many, perhaps most, children end their school days. 

2. Its numerous and appropriate illustrations are original. 

3. It contains numerous suitable examples for practice. 

4. It embraces such a selection of truths of foririy as well as 
measure, as to be especially adapted to accompany industrial draw- 
ing and other manual training. 

5. It is not encumbered and confused by embracing too little 
of each of too many and diverse applications. 



SPECIMENa OF MANY COMMENDATIONS. 

" Geometry might be taught much sooner than it is, and yonr book is weU fitted 
to do it."~R. D. Dodge, Prin, Protpeci Birk JruA., Brooklyn, N. T. 

'* I am pleased with it as a practical work, and one that will make it natmral and 
easy to introduce youth to the study. "->D. L. Eiehlb, State Sup't I\ib, IntL, Minn. 

" It impresses us very favorably. I fully agree with what you say in your pref- 
ace.— Richard Edwabds, LL.D., State SttpH Pub. Inet., lU, 

*' Prepared with great care. . . . More elementary than most Geometries. . . . 

Might be used in the grammar grade with good effect . . ."— JTew England Journal <^ 

Education* 

'* 1 like your Primary Geometry very much."— /fVom a rteent later ffraa^ a lady 

Teacher, 

PBOFESSOB WABBEN'S OTHEB ELEMENTABY WOBES, 

Suited to Academies and to Preparatory, Hioh, Kormal, Evening, 
AND Industrial or Manual Schools are as follows : 

2. PBEE-HAND OEOHETBICAL DBAWINO, widely and 
variously useful in training the eye and hand in accurate sketching 
of plane and solid figures, lettering, geometric beauty, and design, 
etc. 12 folding plates, many cuts. Large l2mo, cloth, $1.00. 
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3. DBAFinrO DTSTBTTMEirTS AND OPEBATIONS. A full 
description of drawing instruments and materials, with applications 
to useful examples; tile work, wall and arch faces, ovals, etc. 7 
folding plates, many cuts. Large 12mo, cloth, $1.25. 

4. ELEMElffTABT PROJECTION DBAWIHO. Fully explain- 
ing, in six divisions, the principles and practice of elementary 
plan and elevation drawing of simple solids; constructive details; 
shadows; isometrical drawing; elements of machines; simple struct- 
ures. 24 folding plates, nnmerous cuts. Large 12mo, cloth, $1.50. 

"We know of no manuaf on the subject bo clear and full in its statements 
of principles and in its solutions of problems, and so practical in the objects 
selected for study. It will be of great value to all studious young artisans, as 
well as for use in academies and high-schools."— iT^i^ England Journal of 
Education. 

6. ELEMENTABT PEESPECTIVE. With numerous practical 
examples, and every step fully explained. Commended to Deco- 
rators, Ladies^ Seminaries, Architects, etc. Numerous cuts, fie- 
vised edition. 2 plates. Large 12mo, cloth, $1.00. 

8. PLANE PBOBLEMS on the Point, Straight Line, and Circle. 
225 problems. Many on Tangencies, and other useful or curious 
ones. Excellent to accompany any Geometry, and with instru- 
mental constructions. For Colleges and Polytechnic Schools ; and 
for Architects, Engineers, Machinists, and Draftsmen. 160 wood- 
cuts, and plates. Large 12mo, cloth, 11.25. 



HIGHER WORKS. 

1. THE ELEMENTS OP DESCSIPTIYE OEOMETBT, SHAD- 
OWS AND PEESPECTIVE, with hrief treatment of Trihedrals; 
Transversals; and Spherical, Axonometric, and Oblique Projec- 
tions; and many example!^ for practice. The best complete short 
course; embracing everjrthing which is, and omitting everything 
which is not, generally wanted. 24 folding plates. 8vo, cloth, $3.50. 

2. PBOBLEMS, THEOREMS, AND EXAMPLES IN DESCSIP- 
TIVE OEOMETBT. Entirely distinct from the above, with 115 
problems, embracing many useful constructions; 52 theorems, in- 
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eluding examples of the demonstration of geometrical properties b; 
the method of projections; and many examples for practice. 24 
folding plates. Should form at least an elective study in the gen- 
eral mathematical course of every College; and also well adapted, 
in conjunction with the following, to Polytechnic Schools. 8vo, 
cloth, $2.50. 

3. OEHESAL PBOBLEHS IS SHADES AHD SHADOWS. 

A beautiful and useful application of Descriptive Geometry, consist- 
ing of the geometrical construction of Shades and Shadows ; with 
practical examples, including every kind of surface. 15 folding 
plates. 8vo, cloth, $3.00. 

4. OEHESAL PBOBLEMS HT THE LINEAB PEBSPECTIVE 
OF FOBH, SHADOW, AND BEPLECTIOlff. A complete treatise 
on the principles and practice of perspective by various older and 
recent methods; in 98 problems, including many practical ones of 
an architectural character^ 24 theorems, and with 17 large plates. 
Detailed contents, and numbered and titled topics in the larger 
problems, facilitate study and class use. Revised edition. Correc- 
tions, changes and additions. 8vo, cloth, $3.50. 

6. ELEMENTS OF MACHIVE CONSTBTJCTION AND DBAW- 
INO. 73 classified standard and broadly representative practical 
examples drawn to scale and of great variety; besides 30 problems 
and 31 theorems relating to gearing, belting, valve-motions, screw- 
propellers, etc. All fully explained in the text. 2 vols., 8vo, cloth, 
one of text, one of 34 folding plates. $7.50. 

6. PBOBLEMS IN STONE-CXTTTINO. 20 problems, with ex- 
amples for practice under them, arranged according to the dominant 
surface (plane, developable, warped or double-curved) in each, and 
embracing every variety of structure; gateways, stairs, arches, 
domes, winding passages, etc. Elegantly printed at the Riverside 
Press. 10 folding plates. 8vo, cloth, $2.50. 

'* Professor Warren here presents a most thorough and progressive course 
in Drawing, comprising Free-hand .Drawing, Plane Problems, Projeciiou 
Drawing, Linear Perspective, and the higher courses in the same, including* 
among othera, Machine. Drawing. Stone Cutting, and a new Descriptive 
Geometry. Shades and Per^)ective, a condensed treatise, entirely new and 
thoroughly practical."— i\r<no England Journal of EducaUtm, 

M** Full descriptive catalogues and circulars, with refereoces and testi- 
monials, on applicatioa 
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SHORT-TITLE CATALOGUE 

OF THE 

PUBLICATIONS 

OF 

JOHN WILEY & SONS, 

New York. 
LoKDOx: CHAPMAN & HALL, Limited. 



ARRANGED UNDER SUBJECTS. 



DescriptiTe circulars sent on application. 

Books marked with an asterisk are sold at net prices only. 

All books are bound in cloth unless otherwise stated. 



AOBIOULTUAE. 

Arrasby's Manual of Cattle-feoding 12mo, $1 76 

Budd and Hansen's American Horticultural Manual: 

Part I. — Propagation, Culture, and Improvement. .. .12mo, 1 60 
Part II. — Systematic Pomology. {In preparation.) 

Downing's Fruits and Fruit-trees of America 8vo, 5 00 

Grotenfelt's PrindpleB of Modern Dairy Practice. (Woll.)..12mo, 2 00 

Kemp's Landscape Gardening 12mo, 2 60 

Maynard's Landscape Gardening as Applied to Home Decoration. 

12mo, 1 60 

Sanderson's Insects Injurious to Staple Crops 12mo, 1 60 

" Insects Injurious to Garden Ciops. {In preparation,) 

" Insects Injuring Fruits. {In preparation.) 

Stockbridge's Rocks and Soils 8vo, 2 60 

Woll's Handbook for Farmers and Dairymen 16mo, 1 60 

ASCHITECTTTBE. 

Baldwin's Steam Heating for Buildings 12mo, 2 60 

Berg's Buildings and Structures of American Railroads 4to, 6 00 

Birkmire's Planning and Construction of American Theatres.Svo, 3 00 

" Architectural Iron and Steel 8vo, 3 60 

" Compound Riveted Girders as Applied in Buildings. 

8vo, 2 00 
" Planning and Construction of High Office Buildings. 

8vo, 3 60 

" Skeleton Construction in Buildings 8vo, 3 00 

Briggs's Modem American School Buildings 8vo, 4 00 

Carpenter's Heating and Ventilating of Buildings 8vo, 3 00 

Freitag^s Architectural Engineering. 2d Edition, Rewritten. 8vo, 3 60 

" Fireproofing of Steel Buildings 8vo, 2 60 

Gerhard's Guide to Sanitary House-inspection 16ma, 1 00 

" Theatre Fires and Panics 12mo, 1 50 

Hatfield's American House Carpenter 8vo, 6 00 

Holly's Carpenters' and Joiners' Handbook 18mo, 76 

Kidder's Architect's and Builder's Pocket-book. .16mo, morocco, 4 00 

1 
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5 00 

4 Ort 

5 0<» 
1 50 


6 00 
6 50 


5 00 
5 50 
3 00 
2 50 


1 25 

1 00 



Merriir* Ston<'S Utr Building and Decoration 8vo, 

Mom-kton*s Stair-building. 4to, 

Patton'-s Praftical Treati-e <m F"oundations **vo, 

Sic'bfTt and Bi^igin's M<Ml<'rn Stone-cutting and Masonry. .Svo. 
.Snow's Propcrlie** Characterizing Economically Important 
Species <if \N'<irKl. i/n pn'/tarfitiott.\ 

Wait's Engineering and Architectural Jurisprudence 8vo, 

Sheep. 
" I^w of Operations Preliminary to tonstniction in En- 
gineering and Arehitecture Svo, 

Sheep, 

" Ijiw of Contract* Svo, 

Wo<'>dburj''s Fire Protection of Mill^ 8vo. 

Worce-ter and Atkin-on'- Small Hn*pital>, E^itabli'^hment and 
Maintenance, and Su;:g<-tion*i for Hospital Architecture. 

with Plan>4 fnr a Small Hospital 12mo, 

The \\'rjil<rH Cnhiinbian Exposition of 1893 Large 4to, 



ABMT AST) HAYT. 

Bernadou's Smokeless Powder, Nitrocellulose', and the Theory 

of the Cellulo**e Molecule 12mo, 2 50 

* Bruff's Text-book Ordnance and Gunnery Svo, 6 00 

Chase's Screw Propellei-s and Marine Propulsion Svo, 3 00 

Craig's Azimuth 4to, 3 50 

Crehore and Squire's Polarizing Photo-chronograph Svo, 3 00 

CYonkhite's Gunnery for Xon-commissioned Ofllcers..24mo,nior., 2 00 

* Davis's Elements of Law Svo, 2 50 

* '* Treatise on the Militarv Law of L'nited States. .Svo, 7 00 

* ' Sheep, 7 50 
De Brack's Cavalry Outpost Duties. (Carr.) . . . .24rao, morocco, 2 00 
Dietz's Soldier's First Aid Handbook 16mo, morocco, 1 25 

* Dredge's Modern French Artillery 4to, half morocco, 15 00 

Durand's Resistance and Populsion of Ships Svo, 5 00 

* Djer's Handbook of Light Artillerj* 12mo, 3 00 

Eissier's Modern High Explosives Svo, 4 00 

* Fiebeger's Text-book on Field Fortification Small Svo, 2 00 

Hamilton's The Gunner's Catechism. [In preparation.) 

* Hoflf's Elementary Naval Tactics Svo, 1 50 

Ingalls's Handbook of Problems in Direct Fire Svo, 4 00 

* " Ballistic Tables Svo, 1 60 

Lyons's Treatise on Electromagnetic Phenomena Svo, 6 00 

* Mahan's Permanent Fortifications. (Mercur.)..8vo, half mor., 7 50 
Manual for Courts-martial IGmo, morocco, 1 50 

* Mercur's Attack of Fortified Places 12mo, 2 00 

* " Elements of the Art of War Svo. 4 00 

Metralf's Cost of Manufactures — And the Administration of 

Workshops, Public and Private Svo, 5 00 

* " Ordnance and (iunnery 12mo, 5 00 

Murray's Infantry Drill Regulations ISmo, paper, 10 

* Phelps's Practical Marine Surveying Svo, 2 50 

I'owell's Army Otlicer's Examiner 12mo, 4 00 

Sharpe's Art of Subsisting Armies in War ISmo, morocco, 1 50 

Wnlke's Lectures on Explosives Svo, 4 00 

* Wheeler's Siege Operations and Military Mining Svo, 2 00 

Wintlirop's Abridgment of Military Law '. . 12mo, 2 50 

Wood hull's Notes on Military Hygiene IGmo, 1 50 
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Young's Simple Elements of Navigation 16mo, morocco, 1 00 

Second Edition, Enlarged and Revised 16mo, mor., 2 00 



ASSAYDTO. 

Fletcher's Practical Instructions in Quantitative Assaying with 

the Blowpipe 12mo, morocco, 1 50 

Furraan's Manual of Practical Assaying 8vo, 3 00 

Miller's Manual of Assaying 12mo, 1 00 

O'Driscoll's Notes on the Treatment of Gold Ores 8vo, 2 00 

Ricketts and Miller's Notes on Assaying 8vo, 3 00 

Wilson's Cyanide Processes 12mo, 1 50 

** Chlorination Process 12mo, 1 50 



ASTRONOMY. 

Craig's Azimuth 4to, 3 60 

Doolittle's Treatise on Practical Astronomy 8vo, 4 00 

Gore's Elements of Geodesy 8vo, 2 50 

Hay ford's Text-book of Geodetic Astronomy 8vo, 3 00 

Merriman's Elements of Precise Surveying and Geodesy. . . .8vo, 2 50 

* Alichie and Harlow's Practical Astronomy 8vo, 3 00 

* White's Elements of Theoretical and Descriptive Astronomy. 

12mo, 2 00 

BOTANY. 

Baldwin's Orchids of New England Small Svo, 1 60 

Davenport's Statistical Methods, with Special Reference to Bio- 
logical Variation 16mo, morocco, 1 25 

Thom6 and Bennett's Structural and Physiological Botanv. 

I6mo, 2 25 

Westermaier's Compendium of General Botany. (Schneider.) 8vo, 2 00 



CHEMISTBY. 

Adriance's Laboratory Calculations and Specific Gravity Tables. 

12mo, 1 25 

Allen's Tables for Iron Analysis 8vo, 3 00 

Arnold's Compendium of Chemistry. (Mandel.) {In preparation.) 

Austen's Notes for Chemical Students 12mo, 1 50 

Bernadou's Smokeless Powder. — Nitro-cellulose, and Theory of 

the Cellulose Molecule 12mo, 2 50 

Bolton's Quantitative Analysis 8vo, 1 60 

Brush and Penfield's Manual of Determinative Mineralogy... 8vo, 4 00 
Classen's Quantitative Chemical Analysis by Electrolysis. (Her- 

rick — Boltwood.) .* 8vo, 3 00 

Cohn's Indicators and Test-papers 12mo, 2 00 

Craft's Short Course in Qualitative Chemical Analysis. (Schaef- 

fer.) 12mo, 2 00 

Drechsel's Chemical Reactions. (Merrill.) 12mo, 1 26 

Eissler's ^lodeni High Explosives 8vo, 4 00 

Eff rout's Enzymes and their Applications. (Prescott.) . . . .8vo, 3 00 
Erdmann's Introduction to Chemical Preparations. (Dunlap.) 

12mo, 1 25 
8 
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Fletcher's Practical Instructions in Quantitative Assaying with 

the Blowpipe 12mo, morocco, 1 60- 

Fresenius's Manual of Qualitative Chemical Analysis. (Wells.). 

8vo, 5 00 
" System of Instruction in Quantitative Chemical 

Analysis. (Allen.) 8vo, 6 00 

Fuertes's Water and Public Health 12mo, 1 60 

Furman's Manual of Practical Assaying 8vo, 3 00 

Gill's Gas and Fuel Analysis for Engineers 12mo, 1 25 

Grotenfelt's Principles of Modern Dairy Practice. (Woll.) ..12mo, 2 00 
Hammarsten's Text-book of Physiological Chemistry. (Mandel.) 

8vo, 4 00- 
Helm's Principles of Mathematical Chemistry. (Morgan.) 12mo, 1 50 
Hinds's Inorganic Chemistry. (In preparation.) 
Holleman's Text-book of Inorganic Chemistrv. (Cooper.) . . .8vo, 2 50 
" "" " Organic " (Walker and Mott) 

(In preparation.) 

Hopkins's Oil-chemists' Handbook 8vo, 3 00 • 

Keep's Cast Iron 8vo, 2 50 

Ladd's Manual of Quantitative Chemical Analysis 12mo, 1 00 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 3 00 

Lassar-Cohn's Practical Urinary Analysis. (Lorenz.) {In. preparation,) 
Leach's The Inspection and Analysis of Food with Special Refer- 
ence to State Control. {In preparation.) 
Lob's Electrolysis and Electrosynthesis of Organic Compounds. 

(Lorenz.) 12mo, 1 00 • 

Mandel's Handbook for Bio-chemical Laboratory 12mo, I 50 

Mason's Water-supply. (Considered Principally from a Sani- 
tary Standpoint.) 3d Edition, Rewritten 8vo, 4 00- 

" Examination of water. (Chemical and Bacterio- 
logical.) 12mo, 1 25 

Meyer's Determination of Radicles in Carbon Compounds. 

(Tingle.) 12mo, 1 00 • 

Miller's Manual of Assaying 12mo, 1 00 

Mixter's Elementary Text- book of Chemistry 12mo, 1 50 

Morgan's Outline of Theory of Solution and its Results. .12mo, 1 00 

" Elements of Physical Chemistry 12mo, 2 00 

Nichols's Water-supply. (Considered mainly from a Chemical 

and Sanitary Standpoint, 1883.) 8vo, -2 50 

O'Brine's Laboratory Guide in Chemical Analysis 8vo, 2 00 

O'DriscoU's Notes on the Treatment of Gold Ores 8vo, 2 00 

Ost and Kolbeck's Text-book of Chemical Technology. (Lo- 
renz — Bozart.) {In preparation.) 

* Penfleld's Notes on Determinative Mineralogy and Record of 

Mineral Tests 8vo, paper, 50 • 

Pinner's Introduction to Organic Chemistry. (Austen.) 12mo, 1 50 
Poole's Calorific Power of Fuels 8vo, 3 00 

* Reisig's Guide to Piece-dyeing 8vo, 25 00 

Richards and Woodman's Air, Water, and Food from a Sanitary 

Standpoint 8vo, 2 00 

Richards's Cost of Living as Modified by Sanitary Science 12mo, 1 00 
" Cost of Food, a Study in Dietaries. *. 12mo, 1 00 

* Richards and Williams's The Dietary Computer 8vo, 1 50 

Ricketts and Russell's Skeleton Notes upon Inorganic Chem- 
istry. (Part I. — Non-metallic Elements.) . .8vo, morocco, 75 

Ricketts and Miller's Notes on Assaying 8vo, 3 00* 

Rideal's Sewage and the Bacterial Purification of Sewage. .8vo, 3 50 

Ruddiman's Incompatibilities in Prescriptions 8vo, 2 00' 

* 4 
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•Schimpf's Text-book of Volumetric Analysis r2mo, 2 60 

Spencer's Handbook for Chemists of Beet-sugar Houses. 16mo, 

mor., 3 00 
" Handbook for Sugar Manufacturers and their Chem- 
ists 16mo, morocco, 2 00 

Stockbridge's Rocks and Soils 8vo, 2 50 

* Tillman's Elementary Lessons in Heat 8vo, 1 50 

• " Descriptive General Chemistry 8vo, 3 00 

Tumeaure and Russell's Public Water-supplies Svo, 5 00 

Van Deventer's Physical Chemistry for Beginners. (Boltwood.) 

12mo, 1 50 

"Walke's Lectures on Explosives Svo, 4 00 

Wells's Laboratory Guide in Qualitative Chemical Analysis-Svo, 1 50 
" Short Course in Inor^nic Qualitative Chemical Analy- 
sis for Engineermg Students 12mo, 1 50 

Whipple's Microscopy of Drinking-water Svo, 3 60 

Wiechmann's Sugar Analysis Small Svo, 2 50 

" Lecture-notes on Theoretical Chemistry 12mo, 3 00 

Wilson's Cyanide Processes '. 12mo, 1 50 

" Chlorination Process 12mo, 1 50 

Wulling's Elementary Course in Inorganic Pharmaceutical and 

Medical Chemistry 12mo, 2 00 

Cim ENQINEESINQ. ^ 

BSIDOBS AND ROOFS. HTDRAULICS. MATERIALS OF 
EN6INEBRIN6. RAILWAY ENGINEERING. 

Baker's Engineers' Surveying Instruments 12mo, 3 00 

.fiixby's Graphical Computing Table. . .Paper, 19^x241 inches. 25 

Davis's Elevation and Stadia Tables Svo, 1 00 

Folwell's Sewerage. (Designing and Maintenance.) Svo, 3 00 

Freitag's Architectural Engineering. 2d Ed., Rewritten . . . Svo, 3 50 

Goodhue's Municipal Improvements 12mo, 175 

Goodrich's Economic Disposal of Towns' Refuse Svo, 3 50 

'Gore's Elements of Geodesy Svo, 2 60 

Hayford's Text-book of Geodetic Astronomy Svo, 3 00 

Howe's Retaining-walls for Earth 12mo, 1 25 

Johnson's Theory and Practice of Surveying Small Svo, 4 00 

" Stadia and Earth-work Tables Svo, 1 25 

Kiersted's Sewage Disposal 12mo, 1 25 

Mahan's Treatise on avil Engineering. (1S73.) (Wood.) . .Svo, 6 00 

• Mahan's Descriptive Geometry Svo, 1 60 

Merriman's Elements of Precise Surveying and Geodesy Svo, 2 50 

Merriman and Brooks's Handbook for Surveyors. . . .16mo, mor., 2 00 

Merriman's Elements of Sanitary Engineering Svo, 2 00 

Nugent's Plane Surveying ". Svo, 3 50 

'Ogden's Sewer Design 12mo, 2 00 

iPatton's Treatise on Civil Engineering Svo, half leather, 7 50 

"Reed's Topographical Drawing and Sketching 4to, 5 00 

Rideal's Sewage and the Bacterial Purification of Sewage.. .Svo, 3 50 

Siebert and Biggin's Modern Stone-cutting and Masonry. . . .Svo, 1 50 

Smith's Manual of, Topographical Drawing. (McMillan.) . .Svo, 2 50 

*Trautwine's Civil Engineer's Pocket-book 16mo, morocco, 5 00 

Wait's Engineering and Architectural Jurisprudence Svo, 6 00 

Sheep, 6 50 
" Law of Operations Preliminary to Construction in En- 
gineering and Architecture Svo, 5 00 

Sheep, 5 50 
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Wait's Law of Contracts 8vo, 3 00 

Warren's Stereotomy — Problems in Stone-cutting 8vo, 2 50 

Webb's Problems in the Use and Adjustment of Engineering 

Instruments 16mo, morocco, 1 25 

• Wheeler's Elementary Course of Civil Engineering 8vo, 4 00 

Wilson's Topographic Surveying , 8vo, 3 50 

BSIDOES ASB ROOFS. 

Boiler's Practical Treatise on the Construction of Iron Highway 

Bridges 8vo, 2 00 

• Boiler's d^iames River Bridge 4to, paper, 6 00 

Burr's Course on the Stresses in Bridges and Roof Trusses, 

Arched Ribs, and Suspension Bridges 8vo, 3 50 

Du liois's Mechanics of Engineering. Vol. II Small 4to, 10 00 

Foster's Treatise on Wooden Trestle Bridges 4to, 5 00 

Fowler's Coffer-dam Process for Piers 8vo, 2 50 

Greene's Roof Trusses 8vo, 1 25 

" Bridge Trusses 8vo, 2 50 

" Arches in Wood, Iron, and Stone 8vo, 2 60 

Howe's Treatise on Arches 8vo, 4 00 

Johnson, Bryan and Tumeaure's Theory and Practice in the 

Designing of Modem Framed Structures Small 4to, 10 00 

Merriman and Jacoby's Text-book on Roofs and Bridges: 

Part I —Stresses in Simple Trusses 8vo, 2 50 

Part Il.-Oraphic Statics 8vo, 2 00 

Part III.- bridge Design. Fourth Eil., Rewritten 8vo, 2 50 

Part IV.— Higher Structures 8vo, 2 60 

MoriBon's Memphis Bridge 4to, 10 00 

Waddell's De Pontibus, a Pocket Book for Bridge Engineers. 

16mo, mor., 3 00 

" Specifications for Steel Bridges 12mo, 1 25 

Wood's Treatise on the Theory of the Construction of Bridges 

and Roofs 8vo, 2 00 

Wright's Designing of DraAV-spans: 

Part I.— Plate-girder Draws 8vo, 2 60 

Part II. — Riveted-tniss and Pin-connected Long-span Draws. 

8vo, 2 50 

Two parts in one volume 8vo, 3 60 



HYDBATTLICS. 

Bazin's Experiments upon the Contraction of the Liqui^ Vein 

Issuing from an Orifice. (Trautwine.) 8vo, 2 00 

Bovey's Treatise on Hydraulics 8vo, 6 00 

Church's Mechanics of Engineering 8vo, 6 00 

Coffin's Graphical Solution of Hydraulic Problems. .16mo, mor., 2 60 

Flather's Dynamometers, and the Measurement of Power, 12mo, 3 00 

Folwell's Water-supply Engineering 8vo, 4 00 

Frizell's Water-power 8vo, 6 00 

Fuertes's Water and Public Health • 12mo, 1 50 

« Water-filtration Works 12mo, 2 50 

Gangoillet and Kutter's General Formula for the Uniform 
Flow of Water in Rivers and Other Channels. (Her- 

ing and Trautwine.) 8vo, 4 00 

Hazen's Filtration of Public Water-supply 8vo, 3 00 

Hazlehui-st's Towers and Tanks for Water-works 8vo, 2 50 
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Henchers 116 Experiments on the Carrying Capacity of Large, 

Riveted, Metal Conduits 8vo, 2 00 

Mason's Water-supply. (Considered Principally from a Sani- 
tary Standpoint) 8vo, 6 00 

Merriman's Treatise on Hydraulics 8vo, 4 00 

* Micfaie's Elements of Analytical Mechanics 8vo, 4 00 

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic 

Water-supply Large 8vo, 6 00 

Tumeaure and Russell. Public Water-supplies 8yo, 5 00 

Wegmann's Design and Construction of Dams 4to, 6 00 

** Water-supply of the City of New York from 1668 to 

1895 4to, 10 00 

Weisbach's Hydraulics and Hydraulic Motors. (Du Bois.) . .8yo, 5 00 

Wilson's Manual of Irrigation Engineering Small 8vo, 4 00 

Wolff's Windmill as a Prime Mover 8vo, 3 00 

Wood's Turbines 8vo, 2 60 

" Elements of Analytical Mechanics 8vo, 3 00 

HATEBIALS OF ENGINEERING. 

Baker's Treatise on Masonry Construction 8vo, 5 00 

Black's United States Public Works Oblong 4to, 5 00 

Bovey's Strength of Materials and Theory of Structures 8vo, 7 50 

Burr's Elasticity and Resistance of the Materials of Engineer- 
ing ,..8vo, 5 00 

Byrne's Highway Construction 8vo, 5 60 

" Inspection of the Materials and Workmanship Em- 
ployed in Construction 16mo, 3 00 

Church's Mechanics of Engineering 8vo, 6 00 

Du Bois's Mechanics of Engineering. ^Vol. I Small 4to, 7 50 

Johnson's Materials of Construction Large 8vo, 6 00 

Keep's Cast Iron 8vo, 2 50 

Lanza's Applied Mechanics Svo, 7 50 

Martens's llandbook on Testing Materials. (Ueuning.).2 v., Svo, 7 50 

Merrill's Stones for Building and Decoration Svo, 6 00 

Merriman's Text-book on the Mechanics of Materials Svo, 4 00 

Merriman's Strength of Materials 12mo, 1 00 

Metcalf s Steel. A Manual for Steel-users 12mo, 2 00 

Patton's Practical Treatise on Foundations Svo, 5 00 

Rockwell's Roads and Pavements in France 12mo, 1 26 

Smith's Wire: Its Use and Manufacture Small 4to, 3 00 

Snow's Propertioa Chrtractcriziufr Economically Important 
Species of Wood. {In pre pa rat ion.) 

Spalding's Hydraulic Cement , 12mo, 2 00 

" Text-book on Roads and Pavements 12mo, 2 00 

Thurston's Materials of Engineering 3 Parts, Svo, 8 00 

Part I. — Xon-metallic Materials of Engineering and Metal- 
lurgy Svo, 2 00 

Part II.— Iron and Steel Svo, 3 60 

Part III. — ^A Treatise on Brasses, Bronzes and Other Alloys 

and Their Constituents Svo, 2 50 

Thurston's Text-book of the Materials of Construction Svo, 6 00 

Tillson's Street Pavements and Paving Materials Svo, 4 00 

Waddell's De Pontibus. (A Pocket-book for Bridge Engineers.) 

16mo, morocco, 3 00 

" Specifications for Steel Bridges 12mo, 1 26 

Wood's Treatise on the Resistance of Materials, and an Ap- 
pendix 09 the Preservation of Timber Svo, 2 00 

** Elements of Analytical Mechanics Svo, 3 00 
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sahway enoineebinq. 

Andrews's Handbook for Street Railway Engineers. [In preparation.) 

Berg's Buildings and Structures of American Railroads. . .4to, 5 00 

BrookB's Handbook of Street Railroad Location.. 16mo, morocco, 1 50 

Butts's Civil Engineer's Field-book 16mo, morocco, 2 50 

Crandall's Transition Curve 16mo, morocco, 1 50 

" Railway and Other Earthwork Tables 8vo, 1 50 

Dawson's Electric Railways and Tramways. Small 4to, half mor., 12 50 
" "Engineering" and Electric Traction Pocketrbook. 

lOmo, morocco, 4 00 

Dredge's History of the Pennsylvania Railroad : ( 1879.) . Paper, 5 00 

• Drinker's Tunneling, Explosive Compounds, and Rock Drills. 

4to, half morocco, 25 00 

Fisher's Table of Cubic Yards Cardboard, 25 

Godwin's Railroad Engineers' Field-book and Ebcplorers' Guide. 

16mo, morocco, 2 50 

Howard's Transition Curve Field-book 16mo, morocco, 1 50 

Hudson's Tables for Calculating the Cubic Contents of Exca- 
vations and Embankments 8vo, 1 00 

Nagle's Field Manual for Railroad Engineers. . . . 16mo, morocco, 3 00 

Phubrick's Field Manual for Engineers 16mo, morocco, 3 00 

Pratt and Alden's Street-railway Road-bed. 8vo, 2 00 

Searles's Field Engineering .^ 16mo, morocco, 3 00 

" Railroad Spiral 16mo, morocco, 1 60 

Taylor's Prismoidal Formul» and Earthwork 8vo, 1 50 

• ^l^utwine's Method of Calculating the Cubic Contents of Ex- 

cavations and Embankments by the Aid of Dia- 
grams 8vo, 2 00 

• " The Field Practice of Laying Out Circular Curves 

for Railroads 12mo, morocco, 2 60 

• " Cross-section Sheet Paper, 25 

Webb's Railroad Construction 8vo, 4 00 

Wellington's Economic Theory of the Location of Railways. . 

Small 8vo, 6 00 



DRAWING. 

Barr's Elinematice of Machinery 8vo, 2 50 

• Bartlett's Mechanical Drawing 8vo, 3 00 

Durley's Ellementary Text-book of the Kinematics of Machines. 

{In preparation.) 

Hill's Text-book on Shades and Shadows, and Perspective.. 8vo, 2 00 
Jones's Machine Design: 

Part I. — ^Kinematics of Machinery 8vo, 1 50 

Part n.— Form, Strength and Proportions of Parts 8vo, 3 00 

MacCord's Elements of Descriptive Geometry 8vo, 3 00 

** Kinematics; or, Practical Mechanism 8vo, 5 00 

** Mechanical Drawing 4to,- 4 00 

** Velocity Diafframa 8vo, 1 60 

* Mahan's Descriptive Geometry and Stone-cutting 8vo, 1 60 

Mahan's Industrial Drawing. (Thompson.) 8vo, 3 60 

Reed's Topographical Drawing and Sketching 4to, 5 00 

Reid's Course in Mechanical Drawing 8vo, 2 00 

" Text-book of Mechanical Drawing and Elementary Ma- 
chine Design , 8vo, 3 00 

Robinson's Principles of Mechanism 8vo, 3 00 

8 



Digitized by VjOOQ IC 



flmith'B Manual of Topographical Drawing. (McMillan.). 8 vo, 2 60 
Warren's Memento of Plane and Solid Free-hand Geometrical 

Drawinff 12mo, 1 00 

" Drafting Ingtrumento and Operations 12mo, 1 26 

" Manual of Elementary Projection Drawing. . . . 12mo, 1 60 
" Manual of Mementaiy Problems in the linear Per- 
spective of Form and Shadow 12mo, 1 00 

" Plane Problems in Elementary Geometry 12mo, 1 26 

" Primary Geometry 12mo, 76 

" Elemento of Descriptive Geometry, Shadows, and Per- 
spective 8vo, 3 60 

" General Problems of Shades and Shadows Svo, 3 00 

" Elemento of Machine Construction and Drawing. .8vo, 7 60 
" Problems, Theorems, and Examples in Descriptive 

Geometry Svo, 2 60 

Weisbach's Kinematics and the Power of Transmission. (Herr- 
mann and Klein.) Svo, 6 00 

Whelpley's Practical Instruction in the Art of Letter En- 

ffraving 12mo, 2 (X) 

WilsoiPs Topographic Surveying Svo, 3 60 

WUaoa'B Free-hand Perspective Svo, 2 60 

Woolf 8 Blementory Course in Descriptive Geometry. .Large Svo, 3 00 



ELECTBICITY AND PHTSICS. 

Anthony and Brackett's Text-book of Physics. (Magie.) 

Small Svo, 3 00 
Anthony's Lecture-notes on the Theory of Electrical Measur- 

mento 12mo, 1 00 

Benjamin's History of Electricity Svo, 3 00 

Benjamin's Voltaic Cell Svo, 8 00 

Classen's Qantitotive Chemical Analysis by Electrolysis. Her- 

rick and Boltwood.) Svo, 3 00 

Crehore and Squier's Polarizing Photo-chrono&raph Svo, 3 00 

Dawson's Electric Railways and Tramways..SmaIl 4to, half mor., 12 60 
Dawson's ''Engineering" and Electric Traction Pocket-book. 

16mo, morocco, 4 00 

Slather's Dynamometers, and the Measurement of Power. . 12mo, 3 00 

C^ilbert's De Magnete. (Mottolay.) Svo, 2 60 

Holman's Precision of Measuremento Svo, 2 00 

" Telescopic Mirror-scale Method, Adjustmento, and 

Tests Large Svo, 76 

Landauer's Spectrum Analysis. (Tingle.) Svo, 3 00 

Le Chatolier's High-temperature Measuremento. (Boudouard — 

Burgess.) 12mo, 3 00 

LOVs Electrolysis and Electrosynthesis of Organic Compounds. 

(Lcrenz.) : 12mo, 1 00 

Lyons's Treatise on EUectromagnetic Phenomena Svo, 00 

^Miehie. Elemento of Wave Motion Relating to Sound and 

Light Svo, 4 00 

Kiaudet's Elementory Treatise on Electric Batteries (Fish- 
back.) 12mo, 2 60 

* Parshall and Hobart's Electric Generators..Small 4to, half mor., 10 00 
Ryan, Norris, and Hoxie's Electrical Machinery. {In preparation.) 
Thurston's Stotionary Steam-engines Svo, 2 60 

* Tillman. Elementary Lessons in Heat Svo, 160 

Tory and Pitcher. Manual of Laboratory Physics. .Small Svo, 2 00 
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LAW. 

* Davis. Elements of Law , 8vo, 2 50 

* ** Treatise on the Military Law of United States. .8vo, 7 00 

Sheep, 7 50 

Manual for Courts-martial 16mo, morocco, 1 50 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 
'* Law of Operations Preliminary to Construction in En- 
gineering and Architecture 8vo, 5 00 

Sheep, 5 50 

" Law of Contracts 8vo, 3 00 

Winthrop's Abridgment of Military Law 12mo, 2 50 



MANTTFACTTTBES. 

Beaumont's Woollen and Worsted Cloth Manufacture 12mo, 1 50 

Bemadou's Smokeless Powder — Nitro-cellulose and Theory of 

the Cellulose Molecule l2mo, 2 50 

Bolland's Iron Founder 12mo, cloth, 2 60 

" " The Iron Founder " Supplement 12mo, 2 60 

" Encyclopedia of Founding and Dictionary of Foundry 

Terms Used in the Practice of Moulding 12mo, 3 00 

Eissler's Modem High Explosives 8vo, 4 00 

Eflfront*s Enzymes and their Applications. (Prescott.).. Svo, 3 00 

Fitzgerald's Boston Machinist 18mo. I 00 

Ford*s Boiler Making for Boiler Makers 18mo, 1 00 

Hopkins's Oil-chemists' Handbook 8vo, 3 00 

Keep's Cast Iron 8vo 2 50 

Leach's The Inspection and Analysis of Food with Special 
Reference to State Control. {In preparation.) 

Metcalf's Steel. A Manual for Steel-users 12mo, 2 00 

Metcalfs Cost of Manufactures — And the Administration of 

Workshops, Public and Private 8vo, 5 00 

Meyer's Modem Locomotive Construction 4to, 10 00 

• Reisig's Guide to Piece-dyeing 8vo, 25 00 

Smith's Press-working of Metals 8vo, 3 00 

** Wire: Its Use and Manufacture Small 4to, 3 00 

Spalding's Hydraulic Cement 12mo, 2 00 

Spencer's Handbook for Chemists of Beet-sugar Houses. 

16mo, morocco, 3 00 
" Handbook for Sugar Manufacturers and their Chem- 
ists 16mo, morocco, 2 00 

Thurston's Manual of Steam-boilers, their Designs, Construc- 
tion and Operation 8vo, 5 00 

Walke's Lectures on Explosives 8vo, 4 00 

West's American Foundry Practice 12mo, 2 60 

" Moulder's Text-book 12mo, 2 60 

Wiechmann's Sugar Analysis Small 8vo, 2 50 

Wolflf's Windmill as a Prime Mover 8vo, 3 00 

Woodbury's Fire Protection of Mills 8vo, 2 60 



MATHEMATICS. 

Baker's Elliptic Functions 8vo, 1 60 

• Baos's Elements of Differential Calculus 12mo, 4 00 

Briggs's Elements of Plane Analytic Geometry 12mo, 1 00 
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Chapman's Elementary Course in Theory of Equations. . .12mo, 1 50 

Compton's Manual of Logarithmic Computations 12mo, 1 50 

Davis's Introduction to the Logic of Algebra 8vo, 1 69 

De Laplace's Philosophical Essay on Probabilities. (Truscott 
and Emory.) (/« preparation.) 

^Dickson's College Algebra Large 12mo, 1 50 

Halgted's Elements of Geometry 8vo, 1 76 

" Elementary Synthetic Geometry 8vo, 1 50 

•Johnson's Three-place Logarithmic Tables: Vest-pocket size, 

pap., 15 

100 copies for 5 00 

* Mounted on heavy cardboard, 8 X 10 inches, 25 

10 copies for 2 00 
" Elementary Treatise on . the Integral Calculus. 

Small 8vo, 1 50 

" Curve Tracing in Cartesian Co-ordinates 12mo, 1 00 

" Treatise on Ordinary and Partial Diflferential 

Equations Small 8vo, 3 50 

'* Theory of Errors and the Method of Least 

Squares 12mo, 1 50 

• " Theoretical Mechanics ...12mo, 3 00 

•Ludlow and Bass. Elements of Trigonometry and Logarith- 
mic and Other Tables 8vo, 3 00 

** Trigonometry. Tables published separately. .Each, 2 00 

Merriman and Woodward. Higher Mathematics 8vo, 5 00 

Merriman's Method of Least Squares 8vo, 2 00 

Rice and Johnson's Elementary Treatise on the Differential 

Calculus Small 8vo, 3 00 

" Differential and Integral Calculus. 2 vols. 

in one Small 8vo, 2 50 

Wood's Elements of Oo-ordinate Geometry 8vo, 2 00 

" Trigometry: Analytical, Plane, and Spherical 12mo, 1 00 



UECHAHICAL ENGINEESINO. 

MATERIALS OF ENGINEERING, STEAM ENGINES 
AND BOILERS. 

Baldwin's Steam Heating for Buildings 12mo, 2 SO 

Barr's Kinematics of Machinery 8vo, 2 50 

• Bartlett's Mechanical Drawing 8vo, 3 00 

Benjamin's Wrinkles and Recipes 12mo, 2 00 

Carpenter's Experimental Engineering 8vo, 6 00 

" Heating and Ventilating Buildings 8vo, 3 00 

Clerk's Gas and Oil Engine Small Svo, 4 00 

Cromwell's Treatise on Toothed Gearing 12mo, 1 50 

" Treatise on Belts and Pulleys 12mo, 1 50 

Durley's Elementary Text-book of the Kinematics of Machines. 

{In preparation,) 

Flather's Dynamometers, and the Measurement of Power . . 12mo, 3 00 

" Rope Driving 12mo, 2 00 

Gill's Gas an Fuel Analysis for Engineers 12mo, 1 25 

Hall's Car Lubrication 12mo, 1 00 

Jones's Machine Design: 

Part I. — ^Kinematics of Machinery 8vo, I 50 

Part II. — ^Form, Strength and Proportions of Parts Svo, 3 00 

Kent's Mechanical Eingineers' Pocket-book. ...16mo, morocco, 5 00 

Kerr's Power and Power Transmission Svo, 2 00 
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HacCord's Kinematics; or. Practical Mechanism 8vo, 6 00 

** Mechanical Drawing 4to, 4 00 

" Velocity Diafframa 8vo, 1 60 

Mahan's Industrial DraWinff. (Thompson.) Svo, 3 60 

Poole's Oaloriflc Power of Fuels 8vo, 3 00 

field's Course in Mechanical Drawing. 8vo, 2 00 

" Text-book of Mechanical Drawing and Elementary 

Machine Design 8vo, 3 00 

Bichards's Compressed Air 12mo, 1 60 

Robinson's Principles of Mechanism 8vo, 3 00 

Smith's Press-working of Metals 8yo, 3 00 

Thurston's Treatise on Friction and Lost Work in Machin- 
ery and Mill Work 8vo, 3 00 

" Animal as a Machine and Prime Motor and the 

Laws of Energetics 12mo, 1 00 

Warren's Elements of Machine Construction and Drawing. .8yo, 7 60 
Weisbaeh's Kinematics and the Power of Transmission. (Herr- 
mann—Klein.) 8vOy 6 00 

" Machinery of Transmission and Grcnremors. (Herr- 
mann—Klein.) 8to, 6 00 

" Hydraulics and Hydraulic Motors. (Du Bois.).8TO, 6 00 

WolfPs Windmill as a Prime Mover 8to, 3 00 

Wood's Turbines 8vo, 2 50 

MATEBIALS OF ENOINEESINO. 

BoyeVs Strenp^th of Materials and Theory of Structures. .8vo, 7 60 
Burr's Elasticity and Resistance of the Materials of Engineer- 
ing 8vo, 6 00 

Church's Mechanics of Engineerings 8to, 6 00 

Johnson's Materials of Construction Large 8to, 6 00 

Keep's Cast Iron 8vo, 2 60 

Lanza's Applied Mechanics 8vo, 7 60 

Martens's Handbook on Testing Materials. (Henning.) 8vo, 7 60 

Merrimaxi'9 Textrbook on the Mechanics of Materials. .. .8 vo, 4 00 

'^ Strength of Materials 12mo, 1 00 

Metcalf s Steel. A Manual for Steel-users 12mo, 2 00 

Smith's Wire: Its Use and Manufacture Small 4to, 3 00 

Thurston's Materials of Engineering 3 yols., 8yo, 8 00 

Part n.— Iron and Steel 8vo, 3 60 

Part m. — ^A Treatise on Brasses, Bronzes and Other Alloys 

and their Constituents 8yo, 2 60 

Thurston's Text-book of the Materials of Construction 8yo, 6 00 

Wood's Ti-eatise on the Resistance of Materials and an Ap- 
pendix on the Preservation of Timber 8yo, 2 00 

" Elements of Analytical Mechanics 8yo, 3 00 

STEAH ENGINES AND BOHESS. 

Camot's Reflections on the Motive Power of Heat. (Thurston.) 

12mo, 1 60 
Dawson's *' Engineering " and Electric Traction Pocket-book. 

16mo, morocco, 4 00 

Ford's Boiler Making for Boiler Makers 18mo. 1 00 

Goss's Looomotive Sparks 8vo, 2 00 

Hemenway's Indicator Practice and Steam-engine Economy- 

12mo, 2 00 

Button's Mechanical Engineering of Power Plants 8vo, 6 00 

" Heat and Heat-engines Svo, 6 00 
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Kent's Steam-boiler Economy 8vo, 4 00-* 

Kneass's Practice and Theory of the Injector 8yo, 1 MV 

MacCord'8 Slide-valves 8vo, 2 Go- 
Meyer's Modem Locomotive Construction 4to, 10 00 

Peabody's Manual of the Steam-engine Indicator 12mo, 1 60- 

" Tables of the Properties of Saturated Steam and 

Other Vapors 8vo, 1 00 

" Thermodynamics of the Steam-engine and Other 

Heat-engines 8yo, 6 00 

" Valve-gears for Steam-engines 8vo, 2 60 

Peabody and Miller. Steam-boilers 8vo, 4 00 

Pray's Twenty Tears with the Indicator Large 8vo, 2 60' 

Pupin's Thermodynamics of Reversible Cycles in Oases and 

Saturated Vapors. (Osterberg.) 12mo, 1 25 

Reagan's Locomotive Mechanism and Bngineering 12mo, 2 90 

Rontgen's Principles of Thermodynamics. (Du Bois.) 8vo, 5 00 

Sinclair's Locomotive Engine Running and Management. . 12mo, 2 00 

Smart's Handbook of Engineering Laboratory I^ctice. .12mo, 2 60 

Snow's Steam-boiler Practice 8vo, 8 00 

Spaneler's Valve-gears 8vo, 2 60 

" Notes on Thermodynamics 12mo, 1 00 

Thurston's Handy Tables 8vo, 1 60 

" Manual of the Steam-engine 2 vols., 8vO| 10 00 

Part I.— History, Structure, and Theory 8vo, 6 00 

Part n. — ^Desiffn, Construction, and Operation 8vo, 6 00 

Thurston's Handbook of Engine and Boiler Trials, and the Use 

of the Indicator and the Prony Brake 8vo, 6 OO 

" Stationarv Steam-enffines 8vo, 2 60 

** Steam-boiler Explosions in Theory and in Prac- 
tice 12mo, 1 60 

" Manual of Steam-boilers, Their Designs, Construc- 
tion, and Operation 8vo, 6 OO 

Welsbach's Heat, Steam, and Steam-engines. (Du Bois.). .8vo, 6 OO 

Whitham's Steam-engine Design 8vo, 6 00 

Wilson's Treatise on Steam-boilers. (Flather.) 16mo, 2 60 

Wood's ThermiHynamics, Heat Motors, and Refrigerating 

Machines 8vo, 4 00 

MECHANICS AND MAGHINEKT. 

Barr's Kinematics of Machinery 8vo, 2 50 

Bovey's Strength of Materials and Theory of Structures. .8vo, 7 50 

Chordal.— Extracts from Letters I2mo, 2 OO 

Church's Mechanics of Engineering 8vo, 6 00 

** Notes and Examples in Mechanics 8vo,* 2 00 

Compton's First Lessons in Metal- working 12mo, 1 60 

Compton and De Groodt The Apred Lathe 12mo, 1 60 

Cromwell's Treatise on Toothed Gearing 12mo, 1 60 

*• Treatise on Belts and Pulleys 12mo, 1 60 

Dana's Text-book of Elementary Mechanics for the Use of 

Colleges and Schools 12mo, 1 60 

Dinfrey's Machinery Pattern Making 12mo, 2 00 

Dredge's Record of the Transportation Exhibits Building of the 

World's Columbian Exposition of 1803 4to, half mor., 6 00 

Du Bois's Elementary Principles of Mechanics: 

Vol. I.— Kinematics 8vo, 3 60 

Vol. n.— Statics 8vo, 4 00 

Vol. III.— Kinetics .8vo, 3 60 
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Du Bois's Mechanics of Engineering. Vol. I Small 4to, 7 50 

" " " " Vol.II Small 4to, 10 00 

Durley'8 Elementary Text-book of the Kinematics of Machines. 

{In preparation,) 

Fitzgerald's Boston Machinist 16mo, 1 GO 

Haider's Dynamometers, and the Measurement of Power. 12mo, 3 00 

" Rope Driving 12mo, 2 00 

Goss's Locomotive Sparks 8vo, 2 00 

Hall's Car Lubrication 12mo, 1 00 

Holly's Art of Saw Filing 18mo, 75 

* Johnson's Theoretical Mechanics I2mo, 3 00 

Johnson's Short Course in Statics by Graphic and Algebraic 

Methods. (In preparation.) 
Jones's Machine Design: 

Fart I> — Kinematics of Machinery 8vo, 1 50 

Part IL — Form, Strength and Proportions of Parts 8vo, 3 00 

Kerr's Power and Power Transmission 8vo, 2 00 

Lanza's Applied Mechanics 8vo, 7 50 

MacCord's Kinematics; or. Practical Mechanism 8vo, 5 00 

" Velocity Diagrams 8vo, 1 50 

Merriman's Text-book on the Mechanics of Materials 8vo, 4 00 

* Michie's Elements of Analytical Mechanics 8vo, 4 00 

Reagan's Locomotive Mechanism and Engineering 12mo, 2 00 

Reid's Course in Mechanical Drawing 8vo, 2 00 

" Text-book of Mechanical Drawing and Elementary 

Machine Design 8vo, 3 00 

Richards's Compressed Air 12mo, 1 50 

Robinson's Principles of Mechanism 8vo, 3 00 

Ryan, Norris, and Hoxie's Electrical Machinery. {In preparation.) 

Sinclair's Locomotive-engine Running and Management. . 12mo, 2 00 

Smith's Press-working of Metals Svo, 3 00 

Thurston's Treatise on Friction and Lost Work in Machin- 
ery and Mill Work 8vo, 3 00 

" Animal as a Machine and Prime Motor, and the 

Laws of Energetics 12mo, 1 00 

Warren's Elements of Machine Construction and Di^wing. .Svo, 7 50 
Weisbach's Kinematics and the Power of Transmission. 

(Herrman— -Klein.) 8vo, 6 00 

" Machinery of Transmission and Governors. (Herr- 

(man— Klein,) Svo, 6 00 

Wood's Elements of Analytical Mechanics 8vo, 3 00 

" Principles of Elementary Mechanics 12mo, 1 25 

•* Turbines Svo, 2 60 

The World's Columbian Exposition of 1893 4to, 1 00 

METALLTTEOT. 

Egleston's Metallurgy of Silver, Gold, and Mercury: 

Vol. I.-Silver Svo, 7 50 

Vol. n.— Gold and Mercury Svo, 7 60 

Keep's Cast Iron Svo, 2 50 

Kunhardt's Practice of Ore Dressing in Lurope Svo, 1 60 

Le Chatelier's High-temperature Measurements. (Boudouard — 

Burgess.) 12mo, 3 00 

Metcalfs Steel. A Manual for Steel-users 12mo, 2 00 

Thurston's Materials of Engineering. In Three Parts Svo, S 00 

Part II.—- Iron and Steel Svo, 3 60 

Part in. — ^A Treatise on Brasses, Bronzes and Other Alloys 

and Their Constituents Svo, 2 60 
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HINEBALOGY. 

Barringar's Description of Minerals of Commercial Value. 

Oblong, morocco, 2 60 

Boyd's Resources of Southwest Virginia Sro, 3 00 

" Map of Southwest Virginia Pocket-book form, 2 00 

Brush's Manual of Determinative Mineralogy. (Penfleld.) .Sro, 4 00 

Chester's Catalogue of Minerals 8vo, paper, 1 00 

Cloth, 1 26 

" Dictionary of the Names of Minerals Svo, 3 50 

Dana's System of Mineralogy Large Svo, half leather, 12 60 

*• First Appendix to Dana's New " System of Mineralogy." 

Large Svo, 1 OU 

" Textrbook of Mineralogy Svo, 4 00 

" Minerals and How to Study Them 12mo, 1 50 

" Catalogue of American Localities of Minerals. Large Svo, 1 00 

" Manuu of Mineralogy and Petrography 12mo, 2 00 

Eigleston's Catalogue of Minerals and Synonyms Svo, 2 60 

Hussak's The Determination of Rock-forming « Minerals. 

(Smith.) Small Svo, 2 00 

* Penfleld's Notes on Determinative Mineralogy and Record of 

Mineral Tests Svo, paper, 50 

Rosenbusch's Microscopical Physiography of the Rock-making 

Minerals. (Idding's.) Svo, 6 00 

* Tillman's Text-book of Important Minerals and Rocks.. Svo, 2 00 
Williams's Manual of Lithology Svo, 3 00 



HININO. 

Beard's Ventilation of Mines 12mo, 2 60 

Boyd's Resources of Southwest Virginia Svo, 3 00 

" Map of Southwest Virginia Pocket-book form, 2 00 

* Drinker's Tunneling, Explosive Compounds, and Rock 

Drills 4to, half morocco, 25 00 

Eissler's Modem High Explosives Svo, 4 00 

Goodyear's Coal-mines of the Western Coast of the United 

States 12mo, 2 50 

Ihlseng's Manual of Mining Svo, 4 06 

Kunhardt's Practice of Ore Dressing in Europe Svo, I 60 

O'DriscoIl's Notes on the Treatment of Gold Ores Svo, 2 00 

Sawyer's Accidents in Mines Svo, 7 00 

Walke's Lectures on Explosives Svo, 4 00 

Wilson's Cyanide Processes 12mo, I 60 

Wilson's Chlorination Process 12mo; 1 60 

Wilson's Hydraulic and Placer Mining 12mo, 2 00 

Wilson's Treatise on Practical and Theoretical Mine Ventila- 
tion 12rao, 1 25 



SANITABY SCIENCE. 

Fol well's Sewerage. (Designing, Construction and Maintenance.) 

Svo, 3 00 

" Water-supply Engineering Svo, 4 00 

Fuertes's Water and Public Health 12mo, 1 50 

" Water-filtration Works 12mo, 2 60 
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Gerhard's Guide to Sanitary House- inspection 16ino, 1 OO 

Goodrich's Economical Disposal of Towns' Refuse. . .Demy Svo, S 60- 

Hacen's Filtration of Public Water-supplies Svo, S (X^ 

Kiersted's Sewage Disposal 12mo, 1 26 

Leach's The Inspection and Analysis of Food with Special 

Reference to State Control. (In preparation.) 
Mason's Water-supply. (Considered Principally from a San- 
itary Standpoint. 3d Edition, Rewritten Svo, 4 00 

" Examination of Water. (Chemical and Bacterio- 
logical.) 12mo, 125 

Merriman's Eaements of Sanitary Engineering Svo, 2 00 

Nichols's Water-supply. (Considered Mainly from a Chemical 

and Sanitary Standpoint.) (1883.) Svo, 2 60 

Ogden's Sewer Design 12mo, 2 00 

* Frice's Handbook on Sanitation 12mo, 1 50 

Richards's Cost of Food. A Study in Dietaries 12mOy 1 OO- 

Richards and Woodman's Air, Water, and Food from a Sani- 
tary Standpoint Svo, 2 00 

Richards's Cost of Living as Modified by Sanitary Science. 12mo, 1 00 

• Richards and Williams s The Dietary Computer Svo, 1 50 

Rideal's Sewage and Bacterial Purification of Sewage 8vOy S 60^ 

Tumeaure and Russell's Public Water-supplies Svo, 6 00 

Whipple's Microscopy of Drinking-water Svo« 3 60 

Woodhull's Notes on Military Hygiene 16mo, 1 60 



IQSCELIANEOXTS. 

Barker's Deep-sea Soundings Svo, 2 OO 

Emmons's Geological Guide-book of the Rocky Moimtaln Bz- 

cursion of the International Congress of Geologists. 

Large Svo, 1 60 

Ferrel's Popular Treatise on the Winds Svo, 4 00 

Haines's American Railway Management 12mo, 2 60 

Mott's Composition^ Digestibility, and Nutritive Value of Food. 

Mounted chart, 1 26 

" Fallacy of the Present Theory of Sound Idmo, 1 00 

Ricketts's History of Rensselaer Polytechnic Institute, 1S24- 

1S94 Small Svo, 3 00 

Rotherham's Emphasised New Testament Large Svo, 2 90 

" Critical Emphasised New Testament 12mo, 1 60 

Steel's Treatise on the Diseases of the Dog Svo, 3 60 

Totten's Important Question in Metrology Svo, 2 60 

The World's Columbian Exposition of 1S93 4to, 1 00 

Worcester and Atkinson. Small Hospitals, Establishment and 

Maintenance, and Suggestions for Hospital Architecture, 

with Plans for a Small Hospital 12mo, 1 26 



HEBBEW AND CHALDEE TEXT-BOOKS. 

Green's Grammar of the Hebrew Language Svo, 3 00 

" Elementary Hebrew Grammar 12mo, 1 26 

** Hebrew Chrestomathy Svo, 2 00 

Geeenius's Hebrew and Chaldee Lexicon to the Old Testament 

Scriptures. (Tregelles.) Small 4to, half m<Nrocco, 6 00 

Letteris's Hebrew Bible Svo, 2 26 
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